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Abstract 

Charles University in Prague     University of Porto 

Faculty of Pharmacy in Hradec Králové   Faculty of Pharmacy 

Department of Biochemical Sciences   Department of Biology 

Candidate: Lenka Srbová 

Supervisor: PharmDr. Iva Boušová Ph.D. 

         Prof. Alice Santos-Silva 

Title of diploma thesis: The influence of high concentrations of urea upon red blood 

cells and T-cells. 

 

Chronic kidney disease (CKD) is highly prevalent disorder worldwide with increasing 

number of patients. Several complications are associated with end-stage of CKD, 

namely infection, anemia and cardiovascular diseases. Infections are probably related to 

an acquired cellular immunodeficiency, essentially due to T-cell lymphopenia that may 

result in increased apoptotic susceptibility of T-cells. Anemia generally appears in 

patients with glomerular filtration rate lower than 60 mL/min/1.73 m2. The red blood 

cells have shortened life span and are more susceptible to destruction in the uremic 

milieu. The lymphopenia and anemia have been associated with uremic toxins. The aim 

of this work was to evaluate the effect of urea on the viability of T-cells and 

erythrocytes (RBC), protein profile in RBC membranes, and induction of apoptosis in 

T-cells in vitro.  RBCs and T-cells (alone or together) were incubated with pathological 

concentrations of urea (900 µg/mL and 1800 µg/mL) during well defined periods of 

incubation. At selected time intervals, changes in RBC and T-cell morphology were 

observed and cell viability was determined using trypan blue exclusion test. Influence of 

urea on RBC membrane proteins and Band 3 protein profile was evaluated using 

electrophoresis in polyacrylamide gels with linear as well as exponential gradient and 

western blotting, respectively. Induction of apoptosis in T-cells was evaluated using 

flow cytometry. No significant changes in determined parameters were observed at any 

urea concentration tested. Interestingly, increased tendency for T-cell aggregation was 

observed in RBC and T-cell suspension incubated with urea at both concentrations 

tested. The obtained results suggest that urea is probably not the main cause of changes 

in patients with CKD, although further research on this topic is needed. 
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Chronické onemocnění ledvin (CKD) je onemocnění s celosvětově vysokou prevalencí 

a vzrůstajícím počtem pacientů. S posledním stádiem CKD je spojeno několik 

komplikací, zejména infekce, anémie a kardiovaskulární onemocnění. Infekce zřejmě 

souvisí se získanou buněčnou imunodeficiencí v zásadě způsobenou T-lymfopenií, která 

může vyústit ve zvýšenou náchylnost T-buněk k apoptóze. Anémie se obvykle objevuje 

u pacientů s glomerulární filtrací nižší než 60 mL/min/1,73 m2. Červené krvinky mají v 

uremickém prostředí zkrácenou životnost a jsou náchylnější k poškození. Lymfopenie a 

anémie mohou být spojeny s uremickými toxiny. Cílem této práce bylo zhodnotit vliv 

močoviny na životnost T-buněk a erytrocytů (Ery), proteinový profil v membránách Ery 

a indukci apoptózy v T-buňkách in vitro. Ery a T-buňky (samostatně nebo dohromady) 

byly inkubovány s patologickými koncentracemi močoviny (900 µg/mL a 1800 µg/mL) 

po přesně definované doby inkubace. Ve vybraných časových intervalech jsem 

pozorovala změny v morfologii Ery a T-buněk a stanovovala jsem životnost buněk 

pomocí testu s trypanovou modří. Hodnotila jsem vliv močoviny na profil proteinů a 

proteinu Band 3 v membránách Ery pomocí elektroforézy v polyakrylamidových gelech 

s lineárním i exponenciálním gradientem respektive western blotingu. Navození 

apoptózy v T-buňkách jsem hodnotila pomocí průtokové cytometrie. Nepozorovala 

jsem žádné významné změny ve sledovaných parametrech ani u jedné testované 

koncentrace močoviny. V suspenzi Ery a T-buněk inkubovaných s oběma testovanými 

koncentracemi močoviny jsem pozorovala zvýšený sklon T-buněk k agregaci. Získané 

výsledky naznačují, že močovina pravděpodobně není hlavní příčinou změn u pacientů 

s CKD, ačkoliv je nutný další výzkum na toto téma.  
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This work was carried out in the Laboratory of Biochemistry, Department of 

Biology, Faculty of Pharmacy, University of Porto under the supervision of Professor 

Alice Santos-Silva. The long-term research of her team is focused on clarifying the 

causes of development of complications (such as anemia, lymphopenia and infection) in 

patients with chronic kidney disease and under hemodialysis as well as on finding of 

new therapeutic strategies for these diseases.  

Chronic kidney disease (CKD) is a progressive and irreversible deterioration of the 

renal excretory function, which may lead to hemodialysis, renal transplant or death. 

CKD is a growing problem for society. The incidence of this disease increases of 8% at 

an annual rate. It is estimated that over 10% of the adult population in developed 

countries have some degree of a chronic kidney disease. CKD is caused by a variety of 

factors including diabetes, hypertension, infection, obstruction of the urinary tract, and 

genetic alteration. Several complications are associated with CKD, e.g. anemia, 

inflammation, erythrocyte damage or leukocyte activation. Kidney loses the ability to 

clear the blood of waste products, e.g. carbon dioxide, water, urate, creatinine, and urea.  

Urea is a small, organic molecule, with a molecule weight of 60 Da. Urea is 

produced in liver by the urea cycle during the conversion of arginine to ornithine. It is 

the end product of nitrogen catabolism and it is excreted by kidneys. Therefore, a level 

of blood urea increases in patients with CKD. The uremic milieu can lead to a 

destruction of red blood cells or leukocyte activation (Tarif 2002). Furthermore, urea is 

a widely used protein denaturant. Eight molar aqueous solution of urea is used for 

protein denaturation (Hua et al. 2008).  

The aim of this work was to evaluate the relationship between uremia and 

lymphopenia as well as anemia. The experimental work was focused mainly on the 

influence of high urea concentrations, which can be found in CKD patients, upon 

viability of lymphocytes as well as proteins in RBCs membrane. 
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2.1 Kidney 

Kidneys are the most important organ in the urinary tract, which fulfill several 

physiological (and also vital) functions. Kidneys remove potentially harmful metabolic 

waste products (e.g. ammonium and urea) as well as xenobiotics (e.g. drugs) from the 

blood but they are responsible also for reabsorption of some compounds such as water, 

glucose and amino acids. They are responsible for the maintenance of the internal 

environment (i.e. keeping homeostasis) by regulation of electrolytes, maintenance of 

acid-base balance, and regulation of blood pressure (via maintaining water and salt 

balance). Kidneys have also endocrine functions; they produce hormones such as renin, 

erythropoietin, prostaglandin, and calcitriol (Elišková and Naňka 2006). 

2.1.1 Anatomy 

Each individual has two kidneys located along the posterior wall of the abdomen 

and encased in the renal capsule. Kidneys are divided into two regions, cortex and 

medulla (Fig. 1). The basic functional unit of kidneys is a nephron (Fig.2). 

Kidneys contain about one million nephrons and each of them consists of the 

glomeruli, proximal and distal tubules, and loops of Henle. The glomeruli and tubules 

are located in the renal cortex, while loops of Henle are placed in renal medulla (Costa 

2008). 

 

Figure 1 Anatomy of kidney (Costa 2008) 
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Figure 2 Detailed structure of a nephron (Costa 2008) 

2.1.2 Kidney function 

The most important physiological functions of kidneys are maintaining fluid, 

electrolyte, and acid-base balance, elimination of toxic products, blood pressure control, 

and endocrine function. The kidneys remove excess of water, salts and products of 

metabolism from the blood. Blood flows into the glomerulus through the afferent 

arteriole and it leaves it through the efferent arteriole. The blood is filtered from the 

glomerular capillaries into the Bowman’s capsule. The total amount of glomerular 

filtration is about 180 liters per day, but most of this volume is returned to the 

circulation by reabsorption. Water, glucose and other nutrients, sodium and other ions 

are reabsorbed. Reabsorption starts in the proximal tubules, continues in the loops of 

Henle, distal tubules and collecting tubules. Urine continues from collecting tubules into 

the renal pelvis, ureter and urinary bladder, where it is stored until it is voided by the 

urethra. Average daily urine output is about 1.5 liters (Green and Marria 2008). 
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2.1.2.1 Elimination 

Potentially toxic by-products of metabolism must be removed and kidneys play 

an important role in their excretion. Some of the products excreted by kidneys include 

carbon dioxide, water, urea, urate, creatinine, particularly. Creatinine and urea are used 

as indicators of kidney function (Green and Marria 2008). 

2.1.2.2 Fluid and electrolyte balance 

Kidneys play a crucial, active role in maintaining the regular ionic (calcium, 

sodium, potassium), osmotic, pH, and fluid balance throughout the body, detecting 

imbalances, secretion of local regulatory hormones, and excretion or retention 

substances. Kidneys require at least 500 mL of water to excrete the average daily load 

of osmotically active waste products (Green and Marria 2008). 

2.1.2.3 Endocrine functions 

Main kidney endocrine functions are control of blood pressure, regulation of 

calcium balance, and control of erythropoiesis. Kidneys controls blood pressure through 

the renin/angiotensin/aldosteron system, simple pressure natriuresis as well as atrial 

natriuretic factor (ANF) (Green and Marria 2008). Production of ANF, a peptide 

synthesized in myocardium, is increased when the intake of NaCl rises. Released ANF 

causes an increase in diuresis, elevation of Na+ excretion (i.e. natriuresis), and decrease 

in blood pressure (Trojan et al. 1999). Kidneys are responsible for the final stage in the 

activation of vitamin D (cholecalciferol) by hydroxylation of 25-hydroxycholecalciferol 

to 1,25-dihydrocholecalciferol (Green and Marria 2008). Kidneys secrete 

erythropoietin, which promotes the red blood cells production in the bone marrow. 

 

2.2 Chronic kidney disease 

Chronic kidney disease (CKD) is characterized by an irreversible deterioration of 

renal functions that can gradually progress to end-stage renal disease (Van der Voort 

and Jayaraman 2010). The Renal National Service Framework defines chronic kidney 

disease as an evidence of structural or functional kidney abnormalities (abnormal 

urinalysis, imaging, or histological studies) that persist for at least 3 months, with or 

without a decreased glomerul filtration rate (GFR), as defined by a GFR of less than 
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60 ml/min/1.73 m2. This definition is not applicable to children younger than 2 years 

because they have a low GFR (Van der Voort and Jayaraman 2010). CKD is divided 

into five stages, which are summarized in Table 1, based on the level of GFR (Costa 

2008). 

 

Table 1 Classification of chronic kidney disease 

Stage Description GFR (mL/min/1.73 m
2
) 

1 Kidney damage with normal or 

increased GFR 

more than 90 

2 Kidney damage with mild decrease 

in GFR 

60-89 

3 Moderate decrease in GFR 30-59 

4 Severe decrease in GFR 15-29 

5 Kidney failure less than 15 

GFR: glomerular filtration rate 

2.2.1 Pathophysiology of kidney chronic disease 

Many factors, which can impair renal functions, may be divided into three 

groups depending on whether the primary fault is in renal perfusion, in kidney tissue 

itself or in the urinary outflow. In accordance with that, pre-renal failure 

(e.g. hypovolemia or hypotension), intrinsic renal failure (e.g. immunological or toxic 

damage) or post-renal failure (e.g. obstruction anywhere from the renal pelvis to the 

urethra) may be distinguished (Green and Marria 2008).  

Main causes of CKD are diabetes mellitus and hypertension, infectious 

glomerulonephritis, renal vasculitis, urethral obstruction, genetic alterations, 

autoimmune diseases, and some others. 

2.2.1.1 Diabetic nephropathy 

Diabetic nephropathy is the most common glomerulopathy and the leading cause 

of the end-stage renal disease (López-Novoa et al. 2010). First symptoms of diabetic 

nephropathy are hyperfiltration and occasional microalbuminuria, which turns into 

progressively higher proteinuria and GFR decline. Finally, the patient undergoes renal 

insufficiency with severe proteinuria. Hyperglycemia increases endothelial NO synthase 
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expression in afferent arteries and glomerular capillaries, which leads to vasodilatation 

and increased GFR. Glomerular distension causes endothelial dysfunction and 

hemodynamic alteration, loss of glomerular basement membrane (GBM) electric charge 

and GBM thickening (López-Novoa et al. 2010). Damages to podocytes can lead to 

diabetic nephropathy. Histopathological changes are observed at elevated glycemia. 

Hyperglycemia also initiates cell signaling pathway in renal cells, for example 

hyperactivation of protein kinase C, oxidative stress through an excessive production of 

reactive oxygen species. The other cause of kidney damage is formation of advanced 

glycation end-products (AGEs), which are formed during the non-enzymatic glycation 

of proteins and lipids. Accumulation of AGEs in kidneys has been associated with the 

development of nephropathy (López-Novoa et al. 2010). 

2.2.1.2 Hypertensive nephropathy 

Hypertension is the second main cause of the end-stage renal disease (López-

Novoa et al. 2010). Chronic hypertension damages renal glomeruli and renal vessels 

mechanically or non-mechanically (increased angiotensin II or decreased NO). 

Hypertension causes a nephrosclerotic glomerulopathy characterized by renal 

vasculopathy affecting preglomerular arteries and arterioles, microvascular disease of 

the glomerular tuft capillaries, diffuse glomerulosclerosis, and interstitial fibrosis. 

Overall renal blood flow decreases and therefore GFR decreases as a consequence of 

the progressive loss of surface area, mesangial hypertrophy and increased glomerular 

and peritubular fibrosis. Basement membrane alterations produce albuminuria and 

protein hyperfiltration (López-Novoa et al. 2010). 

2.2.1.3 Renal mass reduction 

The number of nephrons decreases during the CKD progression regardless of its 

etiology. The space with glomeruli and tubuli is replaced with extracellular matrix 

through a fibrotic process. The remaining nephrons increase their filtration rate, as an 

adaptation mechanism to maintain the excretory need of the organism (López-Novoa et 

al. 2010). This process is called adaptive hyperfiltration (Van der Voort and Jayaraman 

2010) as it is associated with hyperthrophy of the remnant nephrons (hyperplasia and 

hypertrophy) with and hemodynamic alterations including an increase in blood flow due 

to efferent and afferent vasodilation (López-Novoa et al. 2010). This process leads to a 
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long-term damage of the glomeruli of the remaining nephrons, which is manifested by 

progressive kidney insufficiency and proteinuria (Van der Voort and Jayaraman 2010). 

2.2.1.4 Obstructive nephropathy 

Obstruction of the urinary pathway causes progressive deterioration of renal 

structures leading to a chronic dysfunction. Decreased renal function may also be due to 

anatomical or functional abnormalities. In these cases the urine flow rate is reduced. 

Obstructive nephropathy is typical in men as the consequence of prostate hyperplasia 

and cancer and it is the principal cause of renal failure in children (López-Novoa et al. 

2010). 

2.2.2 Laboratory evaluation of kidney function 

Early identification of patients with chronic kidney disease is desirable, as the 

interventions can then be implemented earlier, to reduce the risk of cardiovascular 

complications or the progression to kidney failure (James et al. 2010). The early stage 

of the CKD presents no symptoms, but the disease can be detected by routine laboratory 

tests. Creatinine and urea concentration in the blood are the most common tests for the 

screening. The blood level of these substances rises as a consequence of kidney function 

impairment. The amount of creatinine and urea excreted in the urine, together with their 

blood levels, can be used to calculate the level of kidney function and the glomerular 

filtration rate (Costa 2008). Several factors can affect the blood levels of creatinine, 

namely age, gender, lean body mass, diet, drug therapy etc. Therefore, GFR is 

considered the best measure of kidney function (Buhsmer 2010). The normal GFR is 

about 100-140 mL/min in men and 85-115 mL/min in women. Patients with CKD are 

classified into five stages according to their GFR (Table 1) (Costa 2008). 

2.2.3 Complications of CKD 

Several complications are associated with CKD, namely anemia, inflammation, 

leukocyte activation, and erythrocyte damage (Costa 2008). Anemia and leukocyte 

activation are described in detail below. 

2.2.3.1 Anemia 

Anemia is the common complication in renal failure in both predialysis patients 

and in patients maintained on dialysis (Tarif 2002). Anemia worsens along with the 
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chronic kidney disease. It affects negatively cardiovascular disease, cognitive function, 

exercise capacity, and the quality of life (Tarng 2002). The World Health Organization 

defines anemia as a hemoglobin concentration lower than 13 g/dL in men and 

postmenopausal women and lower than 12 g/dL in other women (Nurko 2006). Anemia 

generally appears in patients with a GFR lower than 60 mL/min, i.e. in stage 3 of 

chronic kidney disease. Development of anemia is mainly due to a decreased secretion 

of erythropoietin (Tarif 2002). The other factors that contribute to the development of 

anemia include blood loss, shortened red blood cell life span, vitamin deficiencies (folic 

acid and vitamin B12), uremia, iron deficiency, and inflammation (Nurko 2006). 

Erythropoietin deficiency 

Erythropoietin (EPO) deficiency is the most important cause of anemia in 

chronic kidney disease (Nurko 2006). EPO is an endogenous cytokine mostly produced 

by kidneys that is essential in erythropoiesis regulation. Hypoxia gives rise to increased 

EPO expression in kidneys. EPO is secreted to the plasma and in the bone marrow binds 

to EPO receptors on the surface of erythroid progenitor cells. Therefore, EPO 

concentration and EPO receptor activation are important for triggering erythrocyte 

production (Costa 2008). EPO is secreted by peritubular cells in kidneys, which can be 

partially or completely depleted or injured, as renal disease progresses reducing EPO 

production. 

EPO is produced when its gene is transcribed. This process is dependent on the 

binding of a molecule called hypoxia-inducible factor 1 alfa (HIF-1α) to the hypoxia-

responsive element of the erythropoietin gene. The production of HIF-1α increases as a 

consequence of a reduced oxygen supply to renal tissue. It was proposed that the EPO 

deficiency in chronic kidney disease could be a functional response to the decrease in 

GFR. As GFR decreases, less sodium is reabsorbed and the sodium reabsorption seems 

to be important to determine oxygen consumption in kidneys. In this case, a local excess 

of oxygen could down-regulate EPO production (Nurko 2006). 

Uremic milieu 

Uremic milieu is responsible for decreased life span of red blood cells and, thus, 

for the demand of rapid erythrocyte replacement by the bone marrow. Red blood cells 

are more susceptible to destruction under various stresses in the uremic milieu 
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(Tarif 2002). The other theory postulates that uremic milieu can increase the threshold 

for EPO synthesis.  

Uremia is also associated with a decreased immune state. The patients have 

propensity to infections or cytokine production especially in patients maintained on 

dialysis due to bioincompatible membranes (Tarif 2002).  

Iron deficiency 

Iron is an essential trace element, needed for growth and development of living 

organism, but an excess of free iron is toxic for cells (Costa 2008). Human iron 

metabolism is unique because there is no excretory route, thus it is mostly regulated via 

uptake (Nurko 2006). Iron is absorbed in the duodenum and its absorption is mainly 

regulated by the level of body iron stores and by the amount of iron needed for 

erythropoiesis (Costa 2008). Most of the body iron is bound to hemoglobin and is stored 

in the hepatocytes and macrophages of the reticuloendothelial system. Iron is delivered 

to the maturating erythroid cells by transport protein called transferrin (Nurko 2006). In 

chronic kidney disease, transferrin levels are low and the mobilization of iron from 

macrophages and hepatocytes seems to be reduced. Erythropoiesis can be also 

decreased by these factors. The interplay between increased iron losses (by 

hemodialysis) and abnormal iron transport may result in a functional iron deficiency 

(Nurko 2006). 

Moreover, CKD patients are often anorexic and malnourished; the iron 

absorbtion can be decreased due to uremic enteritis or increased gastric pH (Tarif 2002). 

Iron deficiency can be corrected by intravenous iron replacement (Nurko 2006). 

Blood loss 

The main cause of blood loss is hemodialysis that may lead to iron deficiency. 

Hemodialysis patients may lose 3 to 5 g of iron per year, whereas healthy people, 

usually, lose 1 to 2 mg per day. The iron loss in dialysis patients is therefore 10 to 20 

times higher (Nurko 2006) 

2.2.3.2 Chronic kidney disease and lymphocytes 

Chronic kidney disease, especially the end-stage renal failure, is associated with 

higher incidence of infections and higher mortality due to infectious complications. This 

immunodeficiency is characterized by deficient response to some vaccinations. For 
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instance, an impaired response to hepatitis B vaccination is a sensitive clinical marker 

for the extent of immune failure (Girndt et al. 2001). The response to other vaccinations, 

namely to influenza, tetanus or diphtheria, may also detect an impaired cellular immune 

function. B-cells are able to recognize polysaccharide antigens only with specific T-cell 

help. Therefore, the immune defect relates to T-cell rather than B-cell function. 

Normal leukocyte numbers with a slight lymphopenia is observed in patient with 

chronic kidney disease in the absence of intermittent infectious complications. Upon 

infection, the resulting leukocytosis is often very blunt, sometimes even absent (Girndt 

et al. 2001). 

The lymphocyte compartment is increasingly affected from the stage 3 of CKD 

(Litjens et al. 2006). A significant decrease in B-lymphocytes was observed only in the 

peripheral blood of patients with stage 5 of CKD. The lymphopenia consisted of a 

selective depletion of naive CD4+ and CD8+ T-cells and CD4+ central memory 

population (Costa et al. 2008, Litjens et al. 2006). The extent of lymphocytopenia 

cannot explain the reduced cellular immunity, since cell number is usually in the lower 

normal range and the relationship between CD4+ and CD8+ lymphocytes is also within 

normal levels. 

An impaired lymphocyte proliferation from hemodialysis patients is revealed by 

in vitro cultures of lymphocytes. Furthermore, the production of activation-dependent 

cytokines, such as interleukin-2 (IL-2) and interferon-γ (IFN-γ) is strongly reduced 

(Girndt et al. 2001). A relation was found also between the decrease in interleukin-7 

(IL-7) levels and lower CD4+ T lymphocyte number. Indeed, the significantly decreased 

plasma IL-7 concentration was reported in patients with severely impaired renal 

function indicating that a relative lack of IL-7 may underlie the uremia-associated 

lymphopenia (Litjens et al. 2006). Other in vitro test showed that there is no evidence 

for an intrinsic defect of the T-cells and that the defect is localized in the antigen-

presenting cells (APC), which provides insufficient co-stimulatory signaling. One of the 

most important co-stimulatory signals from APCs to T-cells is transmitted via 

molecules of the B7 family (a class of cell-surface protein ligands), which bind to CD28 

on T-cells. The expression of B7-2 (CD86) is significantly reduced in hemodialysis 

patients. The expression of B7-1 (CD80) and the primary signaling molecule human 

lymphocyte antigen class II is not affected. The B7 molecules directly influence the 

induction of IL-2, which is produced less. This is accompanied by the reduced 

activation of Th1-type cells and Th2-type cells, because IL-2 is involved in the 
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expansion of both Th-cell lines (Girndt et al. 2001). Th1-type cells producing IFN-γ are 

mainly responsible for phagocyte-mediated host defense and they are the principal 

effectors of cell-mediated immunity, while Th2 cells promote a helper function towards 

B-cells in the production of antibodies. It has been reported that uremic patients have 

altered profile of Th1/Th2 lymphocytes (Alvarez-Lara et al. 2004). 

Hemodialysis is responsible for a large part of the systemic inflammatory 

changes. Hemodialysis patients show much higher production of cytokines, such as 

proinflammatory cytokine interleukin 6 (IL-6), which is important for complement 

activation. There are also higher levels of C-reactive protein, soluble IL-2 receptor and 

decreased albumin serum levels, confirming the presence of inflammatory process 

(Costa et al. 2008). This is in contrast to the inhibition of T-cell activation. Therefore, it 

was suggested that T-cell activation is mainly influenced by uremia and 

proinflammatory changes are more related to hemodialysis (Girndt et al. 2001). 

The lymphopenia may be also caused by the increase in the rate of T- and 

B-lymphocyte apoptosis. That is regulated by an intracellular signaling system, in which 

Fas and Bcl-2 are important mediators of cell apoptosis (Alvarez-Lara et al. 2004). Fas, 

a cell-surface transmembrane glycoprotein, belongs to a family of tumor necrosis factor 

receptors and induces the apoptosis. On the other hand, Bcl-2 has been identified as an 

apoptosis inhibitor. Bcl-2 is a cytosplasmic protein and member of Bcl family 

(Xing-Wang and Hong 1998). There is the evidence of increased expression of Fas in 

T-lymphocytes in patients with CKD. B-cell lymphopenia was related to increased 

apoptosis due to the reduction in anti-apoptic Bcl-2 expression. The expression of Fas 

was significantly higher and that of Bcl-2 was lower in Th1 lymphocytes than in Th2 

lymphocytes from CKD patients. Therefore, there is a decrease in the proportion of 

lymphocytes Th1 in relation to Th2 and the Th2 immune response prevails over the Th1 

response in CKD patients. These findings are caused by uremia, independently of 

exposure to haemodialysis membrane (Alvarez-Lara et al. 2004). Furthermore, the 

deficiency of IL-7 worsens lymphopenia as IL-7 also exerts an anti-apoptotic activity 

via upregulation of Bcl-2 (Litjens et al. 2006). 

It is also possible that some uremic toxins (namely polyamines, aminoguanidine 

and glucose-modified proteins) may act directly on Th1 lymphocytes, inducing 

activation and also inhibition of cell proliferation (Alvarez-Lara et al. 2004). 

B-lymphocytes (CD19+) are responsible for antibody production. Upon contact 

with the antigen, naive B-cells undergo clonal expansion/differentiation that leads to 
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formation of memory B-cells and antibody-secreting plasma cells. Peripheral blood 

B-cells are comprised of distinct phenotypical/functional subpopulations including 

innate B1-cells (CD19+, CD5+), conventional B2-cells (CD19+, CD5-), newly formed 

transitional B-cells (CD19+, CD10+, CD27-), naive B-cells (CD19+, CD 27-) and 

memory B-cells (CD19+, CD 27+). The patients with end-stage CKD exhibit a marked 

reduction of all B-cell subpopulations except for transitional cells. Since no difference 

was observed in the magnitude of B-cell deficiency among diabetic and non-diabetic 

patients with CKD, it is suggested that uremia is the major cause of B-cell lymphopenia 

and impaired humoral immunity in CKD. B-cell lymphopenia is also a consequence of 

increased peripheral apoptosis and deficiencies in IL-7, a cytokine that facilitates 

conversion of pre-B cells to B-cells, and BAFF that is the major B-cell differentiation 

and survival factor. Biological actions of IL-7 and BAFF depend on activation of their 

receptors. Significant reduction of BAFF receptor density only on transitional B-cells 

was described. This finding suggests that uremia has an impact on the differentiation of 

transitional B-cells rather than on the survival of mature B-cells. Despite the reduced 

number of B-cells, the uremic B-cells have heightened capacity to produce 

inflammatory cytokines suggesting their possible participation in the prevailing 

inflammatory milieu in uremia (Pahl et al. 2010). 

 

2.3 Urea transporter and urea concentration 

Urea is a small, water-soluble, organic molecule (Fig. 3) with molecular weight of 

60 Da (Sands 2003). In humans, it is the chief end product of nitrogen catabolism and is 

produced in the liver by the urea cycle during the conversion of arginine to ornithine 

(Sidoux-Walter et al. 1999). 

   

Figure 3 Structure of urea 
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Urea is also the key component in the urinary concentrating mechanism, in 

which it is essential for renal water retention and prevention of dehydration (Sidoux-

Walter et al. 1999). Urea is a highly polar molecule with low permeability through lipid 

bilayers, which enables it to cross slowly cell membranes by passive diffusion 

(Bagnasco 2006). 

It was showed that urea permeability across the membrane of erythrocyte was 

considerably higher (1.2 × 10-3 cm/s) compared to lipid bilayers (4 × 10 -6 cm/s) 

(Bagnasco 2006). The high urea permeability across red blood cells and terminal inner 

medullary collecting ducts in kidneys was the initial evidence suggesting the presence 

of specific urea transporter proteins. Two types of facilitated urea transporters have 

been characterized, namely transporters encoded by the UT-A gene present in the 

kidney and urea transporters encoded by the UT-B gene present in erythroid, kidney and 

brain cells (Sidoux-Walter et al. 1999). The abundance of these transporters is altered in 

uremic rats (Sands 2003). Furthermore, protein intake and urea load appear to affect the 

abundance of the UT-B protein. The UT-B transporter can be important to save urea and 

to recycle nitrogen when there is a low-protein diet and malnutrition, or to eliminate 

excess of the urea generated by protein catabolism. The amount of UT-B protein in 

descending vasa recta increases after three days of water deprivation.  

The erythrocyte transporter is now, usually, referred to as UT-B urea transporter. 

The number of copies of UT-B is 14,000 per red blood cell (Bagnasco 2006). The 

human UT-B gene (Slc14al) arises from a single locus located on chromosome 18q12, 

which is close to the gene for UT-A (Slc14a2). The gene encoding for Kidd antigen, 

was located in the same region of the chromosome encoding UT-B urea transporters and 

afterwards it was found that UT-B is the Kidd antigen (Olives et al. 1995, Sands 2003). 

UT-B has a molecular size ranging from 45 to 65 kDa, decreasing to about 32-36 kDa 

after deglycosylation. UT-B protein includes 389 amino acid residues (Bagnasco 2006). 

The N- and C- termini of human UT-B are located intracellularly and an extracellular 

loop bears a consensus site for N-glycosylation. The mutation of this site does not affect 

urea transport (Sands 2003, Bagnasco 2006). The cysteine residues in the position 25 

and 30 are essential for targeting UT-B to the plasma membrane (Sands 2003). 

UT-B mRNA is expressed in kidney, testis, brain, bone marrow, spleen, prostate, 

urinary bladder, thymus, heart, skeletal muscle, lung, liver, colon, small intestine, and 

pancreas. It was not detected in ovary, placenta, salivary glands, monocytes, and 

B-lymphocytes.  
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As described by Sands (2003), UT-B can function as a water channel in red 

blood cells, but the amount of water transported through UT-B under physiological 

conditions is small and it is probably not physiologically significant. The major 

physiological role of urea is in the urinary concentrating mechanism. People lacking 

Kidd antigen are not able to concentrate their urine above 800 mOsm/kg H2O. The UT-

B knock-out mice have also reduced urine concentrating ability and impaired urea 

recycling. Therefore, it was hypothesized that UT-B-mediated urea transport in red 

blood cells and descending vasa recta is necessary to preserve the efficiency of 

countercurrent exchange (Sands 2003). 

There are 5 known isoforms of the UT-A family urea transporters. The UT-A1-4 

urea transporters are expressed in different regions of kidneys (e.g. UT-A1 and UT-A3 

in the apical membrane of the terminal inner medullary collecting ducts; UT-A2 in thin 

descending limbs of Henle’s loop; UT-A4 in kidney medulla), while  UT-A5 is the only 

UT-A isoform that is expressed in testis and not in kidneys. UT-A is encoded by gene 

Slc14a2. The transcription of UT-A gene increases by hyperosmolality therefore, 

hyperosmolality rapidly increases urea permeability. 

The major physiological role of urea transporters is in the urinary concentrating 

mechanism. Indeed, protein-deprived people are unable to concentrate their urine 

normally and urea infusion corrects this defect. Passive mechanism of urinary 

concentration, by which inner medullary accumulation of urea occurs and is essential 

for producing concentrated urine,  has been proposed (Sands 2003). In the outer 

medulla, an active transport process for producing concentrated urine occurs, thereby an 

active NaCl reabsortion, by the thin ascending limb of Henle’s loop. In the inner 

medulla, the production of concentrated urine depends upon the passive absorbtion from 

thin ascending limb of Henle’s loop (Sands 1992). The urea concentration is higher in 

the inner medullary intersticium than in the lumen of the thin ascending limb. The urea 

concentration gradient is important for passive NaCl absorption. 

Urea is rapidly transported across the red cell membrane, which plays an 

important role when the blood flows through kidneys, where the urea concentration 

varies greatly between the cortex and medulla. Urea transport helps to preserve the 

osmotic stability and deformability of the red blood cells and to stabilize osmotic 

gradients in the renal medulla, important for the urinary concentrating mechanism 

(Olives et al. 1995). Humans lacking UT-B (Jk null blood group) have a low urea 

permeability in erythrocytes, presenting a mild impairment in maximal urinary 
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concentrating ability (Yang and Verkman 2002), and the red blood cells of these 

individuals are more resistant to osmotic lysis when the cells are incubated with 

aqueous solution of urea at a concentration 2 M, suggesting that these red blood cells 

lack the urea transporter and do not transfer urea (Olives et al. 1995, Sands 1992). 

 

2.4 Apoptosis and necrosis 

The two modes of cell death, apoptosis and accidental cell death (necrosis), differ 

fundamentally in their morphological and biochemical changes as well as in their 

biological relevance (Bertho 2000). Apoptosis is an ordered process that proceeds 

through several morphological phases. In contrast to apoptosis, necrosis is a disordered 

mode of cell death. Dying cells release contacts with neighboring cells and become 

detached from the surrounding tissue. Necrotic cells take up water and this swelling 

causes the plasma membrane to burst and release the cytoplasmic contents into the 

cell’s surrounding (Rathmell and Thompson 1999).  

During apoptosis, cells undergo several morphological and biochemical changes 

(England 1997). The cells lose water (up to 30% of its volume) and the most striking 

feature of apoptosis is an extreme condensation of chromatin (DNA plus associated 

proteins, primarily histones) in the nucleus. Collapsed chromatin takes the form of 

crescents around the nuclear envelope, and may eventually shrink down to single or 

multiple small spheres. The DNA is cut in the linker regions between nucleosomes, 

histone cores, which are evenly spaced 180 to 200 base pairs apart along the DNA 

double helix. At this stage, the cells are still alive as their plasma membrane is still 

functioning as a diffusion barrier (Cohen 1993). The plasma membrane begins to bleb 

or form convoluted invagination and protrusions. The blebs in the plasma membrane 

can divide the cell into smaller apoptotic bodies that can contain condensed or 

morphologically normal organelles (Rathmell and Thompson 1999). Apoptotic cells are 

targets for phagocytosis by their viable neighbors or by specialized phagocytes (Wyllie 

1997). The doomed cell is removed before it can rupture and release its 

proinflammatory contents (Squier 1995). The progress of apoptosis is depicted in Fig. 4. 
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Figure 4 The sequence of the apoptotic process (Rathmell and Thompson 1999) 

 

In the necrotic cells, organelles swell rather than condense. The nuclei do not 

condense, nor is chromatin processed in the same way as in apoptotic cells. DNA 

degradation can still occur but it proceeds later and leads to a more continuous sizing of 

fragments than the DNA fragments induced by apoptosis (Rathmell and Thompson 

1999). The plasma membrane ruptures and internal material reaches the extracellular 

space, where some of it induces inflammatory reaction including chemotaxis of 

neutrophils (Wyllie 1997). The observation that apoptosis is an orderly process with 

particular biochemical characteristics suggested that apoptosis is energy dependent. If 

ATP is absent or at sufficiently low concentration, cells die by necrosis (Rathmell and 

Thompson 1999). 

Three critical classes of molecules are involved in the regulation of apoptosis. 

One class is represented by a member of the caspase family of cysteine proteases, which 

are necessary to elicit the downstream events of apoptosis, CED-3. The remaining two 

classes function to regulate CED-3 activity. CED-4 and its human homolog Apaf-1 act 

as adaptor molecules and facilitate the activation of CED-3. CED-9 and Bcl-2 families 

inhibit cell death. The use of potent and specific peptide inhibitors of caspases has 

shown that cells can die by caspase-independent mechanism. If caspase activity is 

blocked, the cell death resembles necrosis rather than apoptosis. Overexpresion of the 

pro-apoptotic Bcl-2 family member Bax has been found to lead to caspase activation 

and cell death. A number of other death stimuli, which normally induce apoptosis, 

exists, namely treatment of cells with drugs, treatment of cells with staurosporine or 

DNA damage (Rathmell and Thompson 1999). 

Apoptosis is characterized by maintenance of an intact plasma membrane during 

a significant part of its time course. Plasma membrane integrity includes preservation of 
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its basal function, like a barrier for ions and macromolecular structures, and with active 

transport pumps. Relying on the differences in the permeability of plasma membranes 

of live, dead and apoptotic cells to dyes, their viability can be discriminated by using 7-

amino-actinomycin (7-AAD), propidium bromid (PI), ethidium bromide (EB), and 

trypan blue. Apoptotic cells exclude viability assay dyes, in contrast to necrotic cells 

that do not exclude the dyes as one of the earliest changes is the loss of membrane 

function and its structural integrity (Rathmell and Thompson 1999, Bertho 2000). 
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The aim of this work was: 

 

• to determine the in vitro effect of high urea concentrations (900 µg/mL and 

1800 µg/mL) on the morphology of red blood cells and T-lymphocytes as well 

as on the viability of these cells using trypan blue exclusion test 

 

• to determine the in vitro effect of high urea concentrations (900 µg/mL and 

1800 µg/mL) on the protein profile and Band 3 protein profile in membranes of 

red blood cells using electrophoresis and western blotting 

 

• to determine the in vitro effect of high urea concentrations (900 µg/mL and 

1800 µg/mL) on apoptotic cell death in T-lymphocytes using flow cytometry 

 

 

The obtained results will contribute to better understanding of the relation of uremia 

with anemia and T-lymphopenia in patients with chronic kidney disease. 
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4 Material and methods 
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4.1 Material 

Histopaque-1077, histopaque-1119, trypan blue, fetal bovine serum (FBS), penicillin, 

streptomycin, RPMI 1640 culture medium with L-glutamine, urea, phosphate buffered 

saline (PBS), sodium chloride, ethylenediaminetetraacetic acid (EDTA), Coomassie 

brilliant blue G-250 (CBBG-250), Coomassie brilliant blue R-250 (CBBR-250), 

absolute ethanol, glycine, Triton-X 100, Tris-base, sodium dodecyl sulfate (SDS), 

bromophenol blue, β-merkaptoethanol, glycerol, acrylamide, bis-acrylamide, 

phenylmethylsulfonylfluoride (PMSF), bovine serum albumin (BSA), sodium acetate, 

acetic acid, ammonium persulfate (APS), N,N,N’,N’-tetramethylethylenediamine 

(TEMED), low fat dried milk, nitrocellulose membrane, 3MM paper, hydrogen 

peroxide, chloronaphtol, phosphoric acid, butanol, staurosporine and mouse monoclonal 

anti-human band 3 antibody were purchased from Sigma-Aldrich (Germany). Methanol 

was obtained from Merck. Annexin V: PE Apoptosis Detection Kit was product of BD 

Biosciences. Anti-mouse IgG peroxidase-linked antibody was obtained from Amersham 

Biosciences. FITC anti-human CD3 antibody was purchased from BioLegend.  

 

4.2 Isolation of red blood cells and lymphocytes 

Red blood cells (RBCs) and lymphocytes/monocytes were separated from other 

blood cells by density gradient centrifugation. Fresh venous blood was collected from 

healthy volunteers of different sex and age into heparinized vacutainers (10 mL). Three 

mL of Histopaque-1119 and 3 mL of Histopaque-1077 were added sequentially and 

gently into 15 mL Falcon tubes. The histopaques were coated with 5 mL of the 

collected heparinized blood sample. The tubes were centrifuged for 20 min at 2000 rpm 

at room temperature. After separation of RBCs and of lymphocytes/monocytes, the cells 

were washed with phosphate buffered saline with 3% (v/v) fetal bovine serum for 6 min 

at 1200 rpm at 4°C. After washing, lymphocytes were separated from the monocytes by 

incubation of these cells in phosphate buffered saline with 3% (v/v) fetal bovine serum 

in 96-well cell culture plates for 1 h at 37°C. After this incubation, lymphocytes which 

remained in the solution were removed and subjected to further testing, while 

monocytes sticked to the bottom of 96-well plate were discarded. To evaluate the 

viability of lymphocytes, the trypan blue exclusion test was used. Ten µL of 
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lymphocyte suspension were diluted with 90 µL of trypan blue solution 0.1% and the 

cells were counted in the Neubauer chamber. The concentration of viable lymphocytes 

was calculated. Meanwhile, the number of RBC in obtained suspension was evaluated 

by a blood cell counter (Microcell Counter CC 120). 

 

4.3 Evaluation of the effect of urea on viability of 

lymphocytes and erythrocytes 

The obtained RBCs and lymphocytes were resuspended in RPMI culture medium 

supplemented with 10% (w/v) fetal bovine serum (FBS) and antibiotics (100 units/mL 

penicillin and 100 µg/mL streptomycin) to obtain the concentrations of 2x1010 viable 

cells/mL and 5x106 viable cells/mL, respectively.  

Subsequently, cells were pipetted to 96-well culture plates, the final volume of 

whole cell suspension was 200 µL per well. Three controls without urea containing 

RBCs alone, lymphocytes alone and RBCs with lymphocytes were used in all 

experiments. The control for lymphocytes was prepared by mixing 40 µL of lymphocyte 

suspension and 160 µL of culture medium, i.e. the final concentration of lymphocytes 

was 1x106 cells/mL. The control for RBCs was prepared by mixing of 40 µL of RBC 

suspension with 160 µL of culture medium, i.e. the resulting concentration of RBCs was 

4x109 cells/mL. The control for lymphocytes and RBCs was prepared by mixing 40 µL 

of lymphocytes and 40 µL of RBCs suspensions and 120 µL of culture medium.  

The cell concentrations in wells containing also urea were equal to those of controls. 

In the wells running the experiments, we used the same volume of lymphocytes and 

RBCs suspension as in the controls and urea was added to the culture medium. Two 

different final concentrations of urea were tested (900 µg/mL and 1800 µg/mL). All 

experiments were performed in triplicate. The well-plates were incubated at 37ºC and 

aliquots of 40 µL were taken after 2, 4 and 24 h. In the aliquots, cell viability was 

monitored using trypan blue exclusion test as follows: 40 µL of cell suspension was 

mixed with 10 µL of 0.5% trypan blue solution, cell suspension was transferred to the 

Neubauer chamber and the cells were counted under microscope. Dead cells are colored 

blue, while the viable cells are white. 
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4.4 Damage to erythrocytes 

The erythrocyte, presenting a limited biosynthetic capacity, suffers and 

accumulates physical and chemical changes, which become more pronounced with cell 

aging, and whenever an unusual physical or chemical stress develops. The erythrocyte 

membrane is a complex structure comprising the lipid bilayer, integral proteins and the 

cytoskeleton (Costa 2008). The lipid bilayer is composed of equivalent amounts of 

cholesterol and phospolipids, which interact with skeletal proteins, namely with spectrin 

and protein 4.1. Recent studies revealed that spectrin binding to phospolipids enhances 

membrane mechanical stability (An and Mohandas 2008). Spectrin is the major protein 

of the cytoskeleton and therefore, the major molecule responsible for erythrocyte shape 

integrity and deformability. It links the cytoskeleton to the lipid bilayer by vertical 

protein interactions with the transmembrane proteins band 3 and glycophorin C. 

Ankyrin and protein 4.2 are also involved in the vertical protein interaction of spectrin 

with band 3 protein. Normal linkage of spectrin with other cytoskeletal proteins assures 

normal horizontal protein interaction (Costa 2008). Membrane proteins band 3, 

glycophorin C and RhAG, that link the lipid bilayer to the spectrin based membrane 

skeleton, are of direct relevance to structural integrity of the membrane. Band 3 and 

RhAG link the lipid bilayer to the membrane skeleton through interaction of their 

cytoplasmic domains with ankyrin. Glycophorin C links through its interaction with 

protein 4.1. Scheme representing composition of RBC membrane is shown in Fig. 5. 

The linkages play a key role in regulating cohesion between bilayer and 

membrane skeleton. Loss of linkages results in lipid loss and decreased membrane 

surface area, thus compromising the ability of RBCs to deform in circulation. Loss of 

membrane surface area is a key contributor to decreased cell survival (An and 

Mohandas 2008). 
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Figure 5 A schematic representation of the red blood cell membrane (An and Mohandas 

2008). The membrane is a composite structure in which a plasma membrane envelope 

composed of amphiphilic lipid molecules is anchored to a two dimensional elastic 

network of skeletal proteins through tethering sites (transmembrane proteins) embedded 

in the lipid bilayer. RhAG (Rh blood group antigen related); GPA (glycophorin A) GPC 

(glycophorin C)  

 

4.4.1 Effect of high urea concentrations on erythrocyte membranes 

4.4.1.1 Incubation 

After separation and washing of the RBCs, these cells were incubated with urea 

at a concentration of 900 µg/mL and 1800 µg/mL. RBCs were seeded in a 96-well 

plates. First well contained control composed of 350 µL of RBC suspension and 

2700 µL of RPMI culture medium. Second well contained 350 µL of RBC suspension, 

1800 µL of RPMI culture medium and 900 µL of RPMI medium containing urea at 

concentration 2700 µg/mL (final concentration of urea was 900 µg/mL). Third well was 

prepared in the same way as the second one just with urea solution at concentration 

5400 µg/mL (final concentration of urea was 1800 µg/mL). The plate was incubated at 

37ºC in a humid atmosphere with 5% CO2 for 24 h. All experiments were done in 

triplicate. After incubation, the RBCs were lysed and the RBC membranes were 

prepared. 
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4.4.1.2 Preparation of RBC membranes 

Preparation of solutions 

• 0.9% physiological solution: 9 g of NaCl were dissolved in 1 L of pure water. 

This solution was stored at 4ºC. 

• 40 mM phosphate buffer (pH 8.0, 20x concentrated, 5P8 20x): 3.55 g of 

Na2HPO4.2H2O, 3 g of NaH2PO4.H20 and 6.724 g of EDTA were dissolved in 

pure water. The pH of this solution was adjusted to 8.0 using 1 M NaOH. The 

volume was made up to 1 L with pure water and resulting solution was stored at 

4ºC. 

• 2 mM phosphate buffer (pH 8.0, 1x concentrated, 5P8): solution 5P8 20x was 

diluted twenty times with pure water and stored at 4ºC. 

• 100 mM PMSF (inhibitor of proteases): 174 mg of PMSF were dissolved in 

10 mL of absolute ethanol and then stored at -20ºC. 

• Lysis buffer: it was prepared just before use by diluting 100 mM PMSF with 

5P8 thousand times. 

After 24 h of incubation, RBCs were washed twice with physiological solution. The 

RBCs were diluted with 40 mL of physiological solution in centrifuge tubes and 

subsequently centrifuged at 1,500 rpm for 7 min at 4ºC. After this washing, 40 mL of 

lysis buffer were added into each tube with RBCs and mixed. The tubes were left in an 

ice bath for 10 minutes and then centrifuged at 13,800 rpm for 10 min at 4ºC. Then, the 

supernatant was removed by aspiration without disturbing membranes, which were 

resuspended in lysis buffer. After 10 min in ice bath, the tubes were centrifuged at 1,500 

rpm for 10 min at 4ºC. The supernatant was aspirated and membranes were diluted with 

5P8 and centrifuged again at 13,800 rpm for 10 min at 4ºC. The membranes were 

washed twice with 5P8. Finally, about 500 µL of remaining suspension containing RBC 

membranes were divided to 2 eppendorf tubes and stored at -80°C until analysis. 
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4.4.1.3 Quantification of total protein in erythrocyte membrane suspension by the 

method of Bradford 

Preparation of solutions 

• Bovine serum albumin (BSA) 0.1 mg/mL: 1 mg of BSA was dissolved in 10 mL 

of pure water. This solution was stored at -20ºC. 

• 95% ethanol: 47.5 mL of absolute ethanol was mixed with 2.5 mL of pure water. 

• Bradford Reagent: 100 mg of CBBG-250 were dissolved in 95% ethanol. Then, 

100 mL of phosphoric acid (85%) were added and solution was made up to 1 L 

with pure water. Resulting solution was stored in the dark at room temperature. 

Suspension containing RBC membranes was diluted 1:10 with 5P8, i.e. 90 µL of 

5P8 were added to 10 µL of the suspension. BSA solution was pippeted to the wells of 

96-well plate at different concentrations to prepare calibration curve (preparation is 

mentioned in the following table). RBC membrane suspension (36 µL) was pippeted to 

other wells. The Bradford Reagent was filtrated before use and then 200 µL of this 

solution were added into each well. All samples were assayed in triplicates. Then the 

absorbance was measured at the wavelength of 595 nm by spectrophotometer (Helios α, 

Spectronic Unicam). The calibration curve was prepared with BSA and the 

concentration of total protein in the samples was calculated from this calibration curve 

using regression equation. 

Concentration 

(µg/µL) 

BSA solution 

0.1 mg/mL 

(µL) 

H20 

(µL) 

0 0 40 

0.005 2 38 

0.01 4 36 

0.02 8 32 

0.03 12 28 

0.04 16 24 

0.05 20 20 
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4.4.1.4 Determination of membrane-bound hemoglobin (MBH) 

One g of Triton-X 100 was dissolved in 20 mL of 5P8. Fifty µL of sample 

containing RBC membranes were diluted with 350 µL of Triton-X 100 solution. From 

this suspension, 300 µL were taken and added to a well of the 96-well plate. After 5 

min, MBH was measured spectrophotometrically at 415 nm. The absorbance at this 

wavelenght was subtracted from the absorbance determined at 700 nm. MBH was 

expressed as a function of protein concentration (%MBH) (Vandeputte 2009). 

%MBH = [(A2 – A1)/Cp]/0.7795 

    A2 = absorbance at 700 nm 

    A1 = absorbance at 450 nm 

    Cp = protein concentration (µg/µL) 

 

4.4.1.5 Electrophoretic separation of RBC membrane proteins using exponential 

and linear gradient polyacrylamide gels 

Sample preparation 

Preparation of solutions 

• 0.5 M Tris-HCl buffer (pH 6.8): 6.05 g of Tris-Base was dissolved in about 75 

mL of pure water, pH of this solution was adjusted to 6.8 by HCl 4 M, and its 

volume was made up to 100 mL with pure water. 

• sample buffer 2x (0.125 M Tris-HCl, pH 6.8, 4% SDS, 20% glycerol, 10% 

2-mercaptoethanol): 2.5 mL of Tris-HCl buffer (pH 6.8) were mixed with 4 mL 

of SDS 10%, 2 mL of glycerol (87%) and 1 mL of 2-mercaptoethanol. The 

volume of this solution was made up to 10 mL with pure water. Then 1 g of 

bromophenol blue was dissolved in this solution. It was stored at -20ºC.  

Samples were diluted to the final protein concentration of 1 µg/µL before 

electrophoresis. The calculated volume of RBC membrane suspension was mixed with 

the same volume of sample buffer. This diluted suspension was made up to 100 µL with 

5P8 when necessary, and then the samples were heated in water bath at 100°C for 5 

min, to denature proteins. These samples were stored at -80ºC until analysis. 
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Gel casting 

Preparation of solutions 

• Acrylamide/bis-acrylamide (AA+bis-AA, 30:0.8) solution: 30 g of acrylamide 

and 0.8 g of bis-acrylamide were dissolved in 100 mL of pure water. This 

solution was filtered and stored at 4ºC in the dark. 

• AA+bis-AA (40:1.5) solution: 40 g of acrylamide and 1.5 g of bis-acrylamide 

were dissolved in 100 mL of pure water. This solution was filtered and stored at 

4ºC in the dark. 

• 1.5 M Tris-HCl buffer with 0.4% SDS (pH 8.8): 18.6 g of Tris-Base was 

dissolved in about 75 mL of pure water, its pH was adjusted to 8.8 by HCl 4 M, 

0.4 g of SDS was dissolved in this solution, and the volume was made up to 

100 mL with pure water. 

• 0.5 M Tris-HCl buffer with 0.4% SDS (pH 6.8): 6.05 g of Tris-Base was 

dissolved in about 75 mL of pure water, its pH was adjusted to 6.8 by HCl 4 M, 

0.4 g of SDS was dissolved in this solution, and the volume was made up to 

100 mL with pure water. 

• Fairbanks buffer 10x (400 mM Tris-Base, 200 mM sodium acetate, pH 7.4): 

48.46 g of Tris-Base, 16.41 g of sodium acetate and 7.44 g of EDTA were 

dissolved in 800 mL of pure water. The pH of this solution was adjusted to 7.4 

and its volume was made up to 1 L with pure water. 

• Fairbanks buffer 10x with 2% SDS (pH 7.4): this solution was prepared just 

before use by dissolving 0.5 g of SDS in 25 mL of Fairbanks buffer 10x (pH 

7.4). 

• 10% Ammonium persulfate: 0.1 g of APS was dissolved in 1 mL of pure water. 

Linear gradient (5-15%) SDS-PAGE gels (0.75 mm) 

At first, the resolving gel (5-15%) was prepared using the gradient former 

(model 385, Bio-Rad). The 15% solution was prepared in its mixing chamber under 

continuous stirring and the 5% solution in its reservoir chamber. For one gel, 6.05 mL 

of 15% solution and the same volume of 5% solution were used. To obtain the 15% 

solution, 1500 µL of pure water, 3000 µL of AA+bis-AA (30:0.8) solution, 1500 µL of 

1.5 M Tris-HCl buffer with 0.4% SDS (pH 8.8) was mixed. The 5% solution was 

prepared by mixing 3600 µL of pure water, 900 µL of AA+bis-AA (30:0.8) solution, 



37 
 

1500 µL of 1.5 M Tris-HCl buffer with 0.4% SDS (pH 8.8). Then 20 µL of TEMED 

and 30 µL of APS 10% were added to each of these two solutions. The gradient former 

was turned on and the solutions were poured to the gel cassette. After transfer, the gel 

surface was overlaid with butanol. The resolving gel was left to polymerize for about 25 

min, then the butanol was rinsed away with pure water and the top of gel cassette was 

drained with filter paper. Then the 5% stacking gel was prepared by mixing 2523 µL of 

pure water, 439 µL of AA+bis-AA (30:0.8) solution, 1038 µL of 0.5 M Tris-HCl buffer 

with 0.4% SDS (pH 6.8), 7.2 µL of TEMED and 20 µL of APS 10%. The solution was 

stirred up, poured on the top of resolving gel, and the comb was inserted. About 15 min 

were necessary for polymerization of this gel. 

Exponential gradient (4.5-17%) SDS-PAGE gels (0.75 mm) 

At first, the resolving gel (4.5%-17%) was prepared using the gradient former. 

The 17% solution was prepared by mixing 2210 µL of pure water, 2380 µL of 

AA+bis-AA (40:1.5) solution, 561 µL of Fairbanks buffer 10x with 2% SDS (pH 7.4). 

In this liquid, 0.85 g of sucrose was dissolved. The 1785 µL of this solution were 

transferred to the output container of the gradient former. To prepare 4.5% solution, 

7905 µL of pure water, 1147.5 µL of AA+bis-AA (40:1.5) solution, 1020 µL of 

Fairbanks buffer 10x with 2% SDS were mixed together. All this volume was added to 

the second container of the gradient former. At the end, 1.7 µL of TEMED and 25.5 µL 

of APS 10% were added to the 17% solution, while 5.1 µL of TEMED and 153 µL of 

APS 10% were added to the 4.5% solution. Both solutions were poured to the gel 

cassette. The piston was used in the container with 17% solution. After transfer, the gel 

surface was overlaid with butanol. The resolving gel was left to polymerize for about 25 

min, then the butanol was rinsed away with pure water and the top of gel cassette was 

drained with filter paper. Then the 4.5% stacking gel was prepared by mixing 3225 µL 

of pure water, 367 µL of AA+bis-AA (40:1.5) solution, 408 µL of Fairbanks buffer 10x 

with 2% SDS (pH 7.4), 9.8 µL of TEMED and 30.2 µL of APS 10%. The solution was 

stirred up, poured on the top of resolving gel, and the comb was inserted. About 15 min 

were necessary for polymerization of this gel. 
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Running the electrophoresis 

Preparation of solutions 

• Fairbanks buffer 1x with 0.2% SDS (pH 7.4): the Fairbanks buffer 10x with 2% 

SDS was diluted ten times with pure water. 

• Electrode buffer 10x (0.177 M Tris-Base, 1% SDS, 1.92 M glycine, pH 8.3): 

21.4 g of Tris-Base were dissolved in 200 mL of pure water, 144 g of glycine 

were dissolved in 600 mL of pure water. These two solutions were mixed 

together and 10 g of SDS were added. The volume was filled to 1 L with pure 

water. This buffer was stored at 4ºC. 

• Electrode buffer 1x (17.7 mM Tris-Base, 0.1% SDS, 0.192 M glycine, pH 8.3): 

the electrode buffer 10x was diluted ten times with pure water. This solution was 

prepared just before use. 

After polymerization, the gel cassettes were removed from the gel cassette holder 

and placed to the electrophoretic tank. Then 200 mL of electrode buffer 1x and 200 mL 

of Fairbanks buffer 1x with 0.2% SDS (pH 7.4) were poured into the tank with the 

linear gradient and exponential gradient gels, respectively. The combs were removed 

and samples were loaded to the wells. Six µg and 8 µg of protein, in an equal volume of 

sample, were loaded to the exponential and linear gradient gels, respectively. The 

voltage 100 V was set for linear gradient gels and when the samples reached resolving 

gel it was increased to 200 V. Electrophoresis with exponential gradient was run at 150 

V. Electrophoresis was stopped when the sample front reached the bottom of resolving 

gel. 

Fixation and staining 

Preparation of solutions 

• Staining solution (0.125% CBBR-250, 50% methanol, 10% acetic acid): 1.25 g 

of CBBR-250 was dissolved in 100 ml of acetic acid 100%. Then 500 mL of 

methanol were added and the volume was made up to 1 L with pure water. The 

solution was stored at room temperature in the dark. 

• Distaining solution I (50% methanol, 10% acetic acid): 100 mL of acetic acid 

100% were mixed with 500 mL of methanol and made up to 1 L with pure 

water. Solution was stored at room temperature. 
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• Distaining solution II (7% acetic acid, 5% methanol): 70 mL of acetic acid 

100% was mixed with 50 mL of methanol and made up to 1 L with pure water. 

Solution was stored at room temperature. 

After electrophoresis, the gels were removed from gel cassettes and stacking gels 

were separated from resolving gels. The resolving gels were placed into the staining 

solution for 30-60 min. Subsequently, the gels were first distained in distaining solution 

I for 60-90 min and then in distaining solution II as long as necessary. After distaining, 

the gels were stored in pure water at 4ºC. The gel images were captured by Darkroom 

CN UV/wl densitometer (VilberLourmat, France) using BioCaptMW software (version 

99) and analyzed using Bio1D++ software (version 99). 

 

4.4.2 Band 3 profile 

Band 3 is a transmembrane protein, which has several physiological functions. 

The C-terminal domain has multiple membrane crossings and includes the 

anion-transport functional region that mediates chloride-bicarbonate exchange across 

the RBC membrane. The N-terminal domain is located in the cell and contains binding 

sites for cytoskeletal and cytoplasmatic proteins. Band 3 modifications during the 

erythrocyte life span are crucial for the fate of the injured or aged erythrocyte. Several 

processes are involved in the binding of natural anti-Band 3 antibodies (Silva et al. 

1995). The antigenicity of Band 3 may result from its proteolytic cleavage, clustering or 

even exposure of unusual epitopes (Silva A. 1998). One of the proposed processes for 

the antigenicity of Band 3 involves the intracellular binding of denatured hemoglobin to 

the membrane. Unreduced hemoglobin exhibits a high affinity for cytoplasmatic domain 

of Band 3 and the binding of denatured hemoglobin to the membrane causes 

aggregation and clustering of Band 3 protein, which in turn provides antigenic sites for 

the binding of anti-Band 3 antibodies.  

Erythrocytes under oxidative or proteolytic stress are marked for death by Band 

3 modifications, which may provide a useful marker of biochemical distress (Silva et al. 

1995). Therefore, particular Band 3 profile including high molecular weight aggregates 

(HMWAg), Band 3 monomer and proteolytic fragments (Pfrag) has been associated to 

younger, damaged or senescent erythrocytes. Moreover, several diseases such as 
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atherosclerosis, hereditary spherocytosis or acute and renal failure presented abnormal 

Band 3 profiles (Costa 2008). 

4.4.2.1 Western Blot for Band 3 protein 

The RBC membrane samples were prepared in the same way as described in 

chapter 3.3.1.5. 

Gel casting 

Preparation of solutions 

• 1.5 M Tris-HCl buffer (pH 8.8): 18.6 g of Tris-Base was dissolved in about 

75 mL of pure water, its pH was adjusted to 8.8 by HCl 4 M, and the volume 

was made up to 100 mL with pure water. 

• 0.5 M Tris-HCl buffer (pH 6.8): 6.05 g of Tris-Base was dissolved in about 

75 mL of pure water, its pH was adjusted to 6.8 by HCl 4 M, and the volume 

was made up to 100 mL with pure water. 

• 10% SDS: 10 g of SDS were dissolved in 100 mL of pure water. 

Resolving gel 9.0% was prepared by mixing 6160 µL of pure water, 4200 µL 

AA+bis-AA solution (30:0.8), 3500 µL of 1.5M Tris-HCl buffer (pH 8.8), 140 µL of 

SDS 10%,  100 µL of APS 10% and 10 µL of TEMED. Stacking gel 4.5% was prepared 

by mixing 3133.5 µL of pure water, 500 µL of AA+bis-AA (30:0.8) solution, 1266.5 µL 

of 0.5M Tris-HCl (pH 6.8), 50 µL of SDS 10%, 75 µL of APS 10% and 15 µL of 

TEMED.  

Electrophoresis 

Preparation of solutions 

• Tank buffer 5x (0.125 M Tris-Base, 1 M glycine, 0.5% SDS): 72 g of glycine, 

15.1 g of Tris-Base and 5 g of SDS were dissolved in pure water and the volume 

was made up to 1 L with pure water. 

• Tank buffer 1x (0.025 M Tris-Base, 0.2 M glycine, 0.1% SDS): the tank buffer 

5x was diluted with pure water in a ratio of 1 to 4. This solution was prepared 

just before use. 
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After polymerization, the gel cassettes were removed from the gel cassette holder 

and placed to the electrophoretic tank. Then 200 mL of tank buffer 1x were poured into 

the tank. The combs were removed and samples were loaded to the wells. Twenty µg of 

protein, in equal volume of sample, were loaded per lane. The current 15 mA was set 

and when the samples reached resolving gel it was increased to 25 mA. Voltage 2000 

mV was needed for both gels. The electrophoresis was run at 4ºC. Electrophoresis was 

stopped when the sample front reached the bottom of resolving gel. 

Electrophoretic protein transfer (blotting) 

Preparation of solutions  

• Transfer buffer (25 mM Tris-base, 192 mM glycine, 20% methanol, pH 8.3): 

3.03 g of Tris–base were dissolved in small amount of pure water and 14.4 g of 

glycine were dissolved in 200 mL of methanol. These two solutions were mixed 

and the volume was made up to 1 L with pure water. 

• PBST solution (100 mM PBS, 0.1% Triton-X 100, pH 7.0): 500 µL of Triton-X 

100 solution were added to the 500 mL of 100 mM PBS (pH 7.0). 

• Blocking solution (5% low fat dried milk): 2.5 g of low fat dried milk was 

dissolved in 50 mL of PBST solution. 

The nitrocellulose membrane was placed to the transfer buffer for 10 min. The 

blotting sandwich was assembled in the following from starting from the bottom: white 

part of blotting sandwich holder – fiber pad – filter paper – nitrocellulose membrane – 

gel – filter paper – fiber pad – black part of blotting sandwich holder. The blotting 

device was cooled to 9ºC. Blotting sandwich and transfer buffer were placed into the 

tank of blotting device and the current was set to 200 mA. The transfer took 2 h. The 

proteins migrate from negative pole to the positive pole because of their negative 

charge. In the meantime, blocking buffer was prepared. After blotting, each membrane 

was placed in 50 mL of blocking buffer and kept overnight at 4ºC under continuous 

stirring. 
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Incubation with specific antibodies 

Preparation of solutions  

• Solution A: 18 g of NaH2PO4 and 20.7 g of NaH2PO4·H20 were dissolved in 1 L 

of pure water. 

• Solution B: 21.29 g of Na2HPO4 and 26.7 g of Na2HPO4·2H2O were dissolved 

in 1 L of pure water. 

• Saline solution: 9.0 g of NaCl were dissolved in 1 L of pure water. 

• 100 mM PBS (pH 7.0): 340 mL of solution B was mixed with 160 mL of 

solution A. This liquid was made up to 500 mL with saline solution. 

• 0.5 % milk solution: 0.2 g of low fat dried milk was dissolved in 40 mL of 

PBST. 

• Primary antibody (dilution 1:4000): 5 µL of mouse monoclonal anti-human 

Band 3 antibody was added to 20 mL of 0.5% milk solution. 

• Secondary antibody: (dilution 1:3333): 6 µL of rabbit polyclonal antibody to 

mouse IgG conjugated with horseradish peroxidase was added to 20 mL of 0.5% 

milk solution. 

After the overnight blocking, the membranes were washed twice in 50 mL of PBST. 

After washing, the membranes were incubated in 20 mL of primary antibody solution 

for 4 h at a room temperature. The membranes were removed from primary antibody 

solution and they were washed three times in 50 mL of PBST. Then the membranes 

were incubated in 20 mL of secondary antibody solution for 2 h at room temperature. 

Finally, the membranes were washed twice in PBST and twice in PBS. 

Band 3 detection 

Preparation of solutions 

• Detection solution: 1 mL of 0.3% chloronaphtol was added to 99 mL of PBS 

(pH 7.0) and the resulting solution was filtered. 

The membrane was placed to the detection solution and 300 µL of 30% hydrogen 

peroxide were added. Membrane was incubated for 30 min or until the protein bands 

started to be visible. The gel images were captured by Darkroom CN UV/wl 

densitometer (VilberLourmat, France) using BioCaptMW software (version 99) and 

analyzed using Bio1D++ software (version 99). 
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4.5 Effect of high urea concentrations on viability of 

lymphocytes 

The apoptosis is a genetically encoded cell death program, which is 

morphologically, biochemically and molecularly distinct from necrosis (Vermes et al. 

26). In the early stages of apoptosis, changes occur mainly at the cell surface. One of 

such plasma membrane alterations is the translocation of phosphatidylserine (PS) from 

the inner side of the membrane to the outer layer. Annexin V is a Ca2+-dependent 

phospholipid-binding protein with high affinity for PS. Cell membrane remains intact 

during the early phases of apoptotic cell death. 

Necrosis is accompanied by the loss of the membrane integrity and leakage of 

cellular constituents into the cell surrounding. Therefore, the measurement of cell 

Annexin V binding executed simultaneously with the dye exclusion test can be used to 

detect apoptotic cells and to discriminate between apoptotic and necrotic cells (Vermes 

et al. 1995). 

4.5.1 Incubation of lymphocytes with urea 

The obtained lymphocytes were resuspended in RPMI culture medium 

supplemented with 10% (w/v) of FBS and antibiotics (100 units/mL penicillin and 100 

mg/mL streptomycin) to obtain the concentrations of 5x106 viable cells/mL.  

Subsequently, cells were pipetted to 96-well culture plates, the final volume of 

whole cell suspension was 200 µL per well. The control sample was prepared by mixing 

40 µL of lymphocyte suspension and 160 µL of culture medium, i.e. the final 

concentration of lymphocytes was 1x106 cells/mL. The concentration of cells in wells 

containing also urea in culture medium was equal to that of control. Two different final 

concentrations of urea were tested (900 µg/mL and 1800 µg/mL). All experiments were 

performed in duplicate. The well-plates were incubated at 37ºC for 2, 4 and 48 h. The 

96-well plates containing positive control, which was prepared by adding 1 µM 

staurosporine (inducer of apoptosis) to 40 µL of lymphocyte suspension, were incubated 

for 24 h only. After 24 h, 160 µL of culture medium were added. 

 

 



44 
 

4.5.2 Flow cytometry 

Preparation of solutions 

• Annexin V binding buffer 1x: 1 part of the  Annexin V Binding Buffer 10x was 

diluted with 9 parts of pure water. 

Flow cytometry was performed using FITC anti-human CD3 kit (BioLegend). After 

incubation, the 96-well plates were centrifuged at 1200 rpm for 6 min at 4ºC. Cells were 

washed with 200 µL of PBS (pH 7.4). Then the samples were incubated with 20 µL of 

mouse FITC anti-human CD3 antibody for 25 min in the dark and the cells were 

subsequently washed twice with 200 µL of PBS (pH 7.4). The apoptotic cells were 

stainined for Annexin V using PE Annexin V Apoptosis Detection Kit (BD 

Biosciences). The cells were resuspended in 100 µL of Annexin V binding buffer 1x, 5 

µL of PE Annexin V and 5 µL of 7-AAD were added to each samples. The cells were 

gently vortexed and incubated for 15 min at room temperature in the dark. One hundred 

µL of this solution were transferred to a 5 ml culture tube and 400 µL of Annexin V 

binding buffer 1x were added to each tube. The samples were analyzed by flow 

cytometry using FACSCalibur flow cytometer (BD Biosciences). 

 

4.6 Statistical analysis 

All results were expressed as mean value ± S.D. The significance of the 

differences between two groups was evaluated by Student’s t-test and differences were 

regarded as significant when P˂0.05. The statistical difference between three groups 

was determined by ANOVA test. 
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5.1 Evaluation of the effect of urea on viability of 

lymphocytes and erythrocytes 

5.1.1 Changes in cell morphology 

As referred in Material and method section, the cells were incubated in the 

absence or presence of urea (900 µg/mL and 1800 µg/mL). In one set of experiments, 

the lymphocytes and erythrocytes were incubated separately, while in the second set of 

experiments both cell types were incubated together. In the latter mentioned set of 

experiments, the influence of erythrocytes upon lymphocytes in uremic milieu was 

tested. The cell morphology was studied using light microscopy (magnification 40x and 

100x) after 2, 4 and 24 h of incubation period. Cells were also photographed. 

The morphology of blood cells incubated with and without urea at the final 

concentrations of 900 µg/mL and 1800 µg/mL for 2 hours and 24 hours was compared. 

No changes were observed in RBCs and lymphocyte morphology (Fig. 6-9), when these 

cells were incubated separately. Formation of aggregates of lymphocytes was observed 

in the suspensions of lymphocytes and RBCs incubated in the presence of urea, but no 

differences were identified between samples containing urea at the concentration of 

900 µg/mL (Fig. 10) and 1800 µg/mL (Fig. 11). 
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Figure 6 Effect of urea on morphology of erythrocytes. Left panel shows erythrocytes 

incubated without urea for 2 hours and right panel depicts erythrocytes incubated with 

urea 900 µg/mL for 2 hours. The 100x magnification was used. 

 

 

 

 

 

Figure 7 Effect of urea on morphology of erythrocytes. Left panel shows erythrocytes 

incubated without urea for 24 hours and right panel depicts erythrocytes incubated with 

urea 900 µg/mL for 24 hours. The 100x magnification was used. 
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Figure 8 Effect of urea on morphology of erythrocytes. Left panel shows erythrocytes 

incubated without urea for 2 hours and right panel depicts erythrocytes incubated with 

urea 1800 µg/mL for 2 hours. The 40x magnification was used. 

 

 

 

 

 

Figure 9 Effect of urea on morphology of erythrocytes. Left panel shows erythrocytes 

incubated without urea for 24 hours and right panel depicts erythrocytes incubated with 

urea 1800 µg/mL for 24 hours. The 40x magnification was used. 
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Figure 10 Effect of urea on morphology of erythrocytes and lymphocytes. Left panel 

shows blood cells incubated without urea for 2 hours and right panel depicts blood cells 

incubated with urea 900 µg/mL for 2 hours. The 40x magnification was used. 

 

 

 

 

 

Figure 11 Effect of urea on morphology of erythrocytes and lymphocytes. Left panel 

shows blood cells incubated without urea for 2 hours and right panel depicts blood cells 

incubated with urea 1800 µg/mL for 2 hours. The 40x magnification was used. 

 

aggregate of lymphocytes 

aggregate of lymphocytes 



 

5.1.2 Effect of urea on the 

Blue exclusion test

 

The trypan blue 

viability caused by different 

Nevertheless, the tendency of viability decrease during the period of incubation was 

registered in all samples including control. 

 

 

 

 

Figure 12 Effect of urea on the viability of lymphocytes. 

absence (0 urea) or presence of urea 900 µg/mL (3 urea) or 1800 µg/mL (6 urea) for up 

to 24 h at 37°C. 
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5.2 Effect of urea on the erythrocyte membranes 

5.2.1 Protein profile in erythrocyte membranes 

 

As mentioned before, red blood cells were incubated in the absence and presence 

of urea at concentrations of 900 µg/mL and 1800 µg/mL for 24 h. RBC membranes 

were isolated after the incubation and the membrane proteins were separated by 

SDS-PAGE using linear gradient gel (5-15%) and exponential gradient gel (4.5-17%). 

The gels after protein staining were scanned (Darkroom CN UV/wl, BioCaptMW 

version 99, VilberLourmat, France) and several representative RBC membrane proteins 

(e.g. alpha and beta spectrin, Band 3 protein, ankyrin, protein 4.1, protein 4.2, Band 5, 6 

and 7) were quantified by densitometry (Bio1D++ version 99, VilberLourmat, France). 

The results were expressed as percentage of total protein content, i.e. the relative 

amounts of these proteins where calculated (Table 2). 

Significant changes in the protein amount were observed only in band 6 and 

band 7 proteins of RBC membrane of cells incubated with urea 900 µg/mL for 24 h 

compared to the control cells (see Fig. 13 and Fig. 14). These bands probably contain 

glyceraldehyde-3-phosphate dehydrogenase (G3PD) and stomatin/tropomyosin, 

respectively. 
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Table 2 Erythrocyte membrane protein profile.  

Protein control urea 900 µg/mL  urea 1800 µg/mL  

  mean SD mean SD mean SD 

spectrin 32,46 0,46 32,42 1,81 33,23 2,07 

ankyrin 6,90 0,50 6,35 0,58 6,99 0,44 

Band 3 23,09 2,02 24,75 1,42 21,59 2,97 

protein 4.1 9,85 1,41 10,50 0,77 10,96 0,39 

potein 4.2 6,78 1,31 6,52 1,08 6,45 0,98 

band 5 7,79 1,26 7,83 1,87 7,85 1,19 

band 6 10,58 0,58 9,22* 0,47 10,57 0,55 

band 7 2,51 0,14 2,70* 0,04 2,38 0,21 

Results are expressed as relative amount (% of total protein content) of several 

representative RBC membrane proteins, mean of n=4 samples, SD: standard deviation; 

(*data with P ˂ 0.05 for urea 900 µg/mL vs control and urea 900 µg/mL vs urea 

1800 µg/mL, Student’s t-test). 
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Figure 13 Representative separation of RBC membrane proteins using SDS-PAGE 

linear gradient gel (5-15%) stained with CBBR-250 Lanes were loaded with 8 µg of 

protein. 

Sample loaded to the lane: 1, 4, 7, 9: RBCs incubated without urea (controls)  

2, 5: RBCs incubated with urea 900 µg/mL  

3, 6, 8, 10: RBCs incubated with urea 1800 µg/mL  

Present proteins:  Actin/Tropomodulin (band 5),  

G3PD (band 6),  

Stomatin/Tropomyosin (band 7) 

Band 3 
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Figure 14 Representative separation of RBC membrane proteins using SDS-PAGE 

exponential gradient gel (4.5-17%) stained with CBBR-250. Lanes were loaded with 

6 µg of protein. 

Sample loaded to the lane: 1, 4, 7, 9: RBCs incubated without urea (controls)  

2, 5: RBCs incubated with urea 900 µg/mL  

3, 6, 8, 10: RBCs incubated with urea 1800 µg/mL  

Present proteins:  Actin/Tropomodulin (band 5),  

G3PD (band 6),  

Stomatin/Tropomyosin (band 7) 

 

 

Band 3 
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5.2.2 Profile of Band 3 protein in erythrocyte membranes 

The membranes of RBCs incubated in the absence (control) or presence of urea 

(900 µg/mL and 1800 µg/mL) at 37°C for 24 h were isolated upon induction of 

hemolysis of these cells. Subsequently, membrane proteins were separated by 

SDS-PAGE, electrophoretically transferred to the nitrocellulose membrane, and the 

protein Band 3 was detected using specific antibodies. Membranes were then incubated 

with substrates of horseradish peroxidase until colored bands were developed with 

sufficient intensity. Membranes were then photographed and scanned (Darkroom CN 

UV/wl, BioCaptMW version 99, VilberLourmat, France). The relative amount of high 

molecular weight aggregates (HMWAg), Band 3 monomer and proteolytic fragments 

(Pfrag) was quantified densitometrically (Bio1D++ version 99, VilberLourmat, France) 

and expressed as percents of total protein content. 

No statistically significant changes in protein profile of Band 3 were observed in 

cells incubated with urea 1800 µg/mL (24 h, 37°C) compared to control cells and cells 

incubated with urea 900 µg/mL. No influence of urea upon the relative amount of high 

molecular weight aggregates, Band 3 monomer and proteolytic fragments were 

observed (see Fig. 15, Fig. 16 and Table 3). 
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Figure 15 Band 3 protein profile in RBC membranes using western blotting stained 

with chloronaphtol. Lanes were loaded with 20 µg of protein. 

Sample loaded to the lane: 1, 4, 7: RBCs incubated without urea (controls)  

2, 5, 8: RBCs incubated with urea 900 µg/mL  

3, 6, 9: RBCs incubated with urea 1800 µg/mL  

Present proteins:  HMWAg: High molecular weight aggregates,  

band 3: Band 3 monomer,  

Pfrag: proteolytic fragments  



 

Figure 16 Quantification of Band 3 protein profile in

absence (0U) or presence of urea 900 µg/mL (3U) or 1800 µg/mL (6U) for up to 24 h at 

37°C. (*data with P ˂ 0.

1800 µg/mL, Student’s t

Present proteins:  HMWAg: High molecular weight aggregates

monomer: B

Pfrag: proteolytic fragments

 

 

Table 3 Band 3 profile  

Protein control

  mean

HMWAg 25.85

monomer 64.41

Pfrag 9.80 

Results are expressed as 

n=4 samples, SD: standard deviation; (*data with 

control and urea 900 µg/mL 

Present proteins:  HMWAg: High molecular weight aggregates

monomer: B

Pfrag: proteolytic fragments
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Quantification of Band 3 protein profile in RBC membranes 

absence (0U) or presence of urea 900 µg/mL (3U) or 1800 µg/mL (6U) for up to 24 h at 

0.05 for urea 900 µg/mL vs control and urea 900 µg/mL 

t-test). 

HMWAg: High molecular weight aggregates of Band 3,

monomer: Band 3 monomer,  

Pfrag: proteolytic fragments of Band 3  

 

control urea 900 µg/mL  urea 

mean SD mean SD mean

25.85 5.14 25.62 2.64 23.22

64.41 6.53 64.14 5.29 64.52

 2.23 10.09 3.30 10.25

Results are expressed as relative amount of each band (% of the total bands

standard deviation; (*data with P ˂ 0.05 for urea 900 µg/mL 

control and urea 900 µg/mL vs urea 1800 µg/mL, Student’s t-test). 

HMWAg: High molecular weight aggregates of Band 3,

monomer: Band 3 monomer,  

Pfrag: proteolytic fragments of Band 3 

 

RBC membranes incubated in the 

absence (0U) or presence of urea 900 µg/mL (3U) or 1800 µg/mL (6U) for up to 24 h at 

control and urea 900 µg/mL vs urea 

of Band 3,  

urea 1800 µg/mL  

mean SD 

23.22 5.67 

64.52 8.31 

10.25 2.67 

of the total bands), mean of 

for urea 900 µg/mL vs 

of Band 3,  
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5.3 Effect of urea on the apoptotic cell death in 

T-lymphocytes 

 

T-lymphocytes were incubated in the absence or presence of urea (900 µg/mL and 

1800 µg/mL) at 37°C for up to 48 h. Their viability was studied after 2 h, 4 h and 48 h 

by flow cytometry. T-lymphocytes were gated based on their forward and side scatter 

characteristics and also on their CD3 positivity. CD3 positive lymphocytes were then 

analyzed for Annexin V and/or 7-AAD positivity. The relative percentage of total 

lymphocytes based on FSC (forward-angle light scatter) and SSC (side-angle light 

scatter) characteristics was 67.99%. The percentage of T-lymphocytes based on their 

CD3 positivity was 49.53% (Fig. 17). Subsequently, T-lymphocytes were designated as 

viable cells (Annexin V-PE negative; 7-AAD negative), apoptotic cells (Annexin V-PE 

positive; 7-AAD negative), and considered as late apoptotic and necrotic cells (Annexin 

V-PE negative; 7-AAD positive) as is shown in Fig. 18. 

No statistically significant difference was observed concerning the percentages of 

viable, apoptotic or dead cells between T-lymphocytes treated with urea (900 µg/mL 

and 1800 µg/mL) compared to the untreated controls. Concerning the incubation period 

(2, 4 or 48 h), no significant difference was observed between T-lymphocytes treated 

with urea compared and untreated cells (Fig. 19-21).  
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 Figure 17 Representative dot plots of control sample upon 48 h incubation. SSC: side-

angle light scatter; FSC: forward-angle light scatter; FITC: Fluorescein isothiocyanate; 

7-AAD: 7-amino-actinomycin D; PE: Phycoerythrin 

 

 Figure 18 Annexin V-PE and 7-AAD labeling of T-lymphocytes cultured without 

(control) or with urea (0.9 or 1.8 mg/ml) for 48 h. The dot plots shown are 

representative of triplicate cultures. 

 



 

Figure 19 Viability of T

urea 900 µg/mL (3 urea) or 1800 µg/mL (6 urea) for 2 h at 37°C

cytometry). 

Figure 20 Viability of T

urea 900 µg/mL (3 urea) or 1800 µg/mL (6 urea) for 4 h at 37°C

cytometry). 
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T-lymphocytes incubated in the absence (0 urea) or presence of 

urea 900 µg/mL (3 urea) or 1800 µg/mL (6 urea) for 2 h at 37°C (determined by flow 

 

 

T-lymphocytes incubated in the absence (0 urea) or presenc

urea 900 µg/mL (3 urea) or 1800 µg/mL (6 urea) for 4 h at 37°C (determined by flow 

dead cell large stage of 

apoptosis or 

dead

viable cells apoptotic
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CKD is defined as either kidney damage (proteinuria, haematuria or anatomical 

abnormality) or GFR ˂ 60 ml/min/1.73m2 present in at least two occasions for ≥ 90 days 

(Thomas 2010). It is characterized by progressive and irreversible loss of renal function; 

it means that inability of kidneys to properly clear the blood from waste products, such 

as urea, increases (López-Novoa 2010). Urea is the waste product of protein catabolism. 

In mammals, it is excreted in the urine thereby representing the most abundant urinary 

solute. Compared with blood, urea is highly concentrated in the urine of humans and 

plays an important role in the urine concentration mechanism. The ability to concentrate 

urine depends on the accumulation of urea in the renal medulla by specific transporter 

protein, UT-A and UT-B. Increased blood urea levels may be caused by pre-renal, renal 

and post-renal alterations (Aigner et al. 2007). The physiological levels of urea are 2.5-8 

mmol/L for people in middle age; levels of urea found in children are lower (Rohun et 

al. 2011). In patients with CKD, the levels of urea may exceed 80 mmol/L and the 

concentration greater than 30 mmol/L is considered an indication for the hemodialysis 

treatment (Racek 1999). Regarding renal diseases, blood urea concentrations increase if 

kidney function is severely reduced (Aigner et al. 2007). Several complications are 

associated with CKD and high levels of urea such as anemia, inflammation, erythrocyte 

damage or activation of leukocyte (Costa 2008). Therefore, the effect of high 

concentrations of urea on damage and viability of lymphocytes and erythrocytes was 

studied. 

Band 3 profile and changes in structure of RBCs membrane were used to detect 

damage of erythrocytes. Human band 3 protein, a member of the anion exchanger 

family, is a 911-amino acid glycoprotein found in the membranes of RBCs. This 

transmembrane protein is expressed in the RBCs and the intercalating cells of the distal 

tubule of kidney. It is involved in maintaining the acid-base balance and respiration. 

Under normal conditions, the high rate of Cl-/HCO3
- exchange across the human RBCs 

membrane is mediated by the high abundance of band 3 protein. Furthermore, nitric 

oxide is translocated from hemoglobin (SNO-Hb) via this protein. In addition, many 

other anions including oxalate are also transported by band 3 protein (Saradhadevi 

2005). An abnormal band 3 profile has been associated to younger, damaged or 

senescent erythrocytes. Older and damaged erythrocytes presented higher Band 3 

aggregation (HMWAg) and lower fragmentation (Pfrag) (Costa 2008). The reduction of 

the amount of Band 3 protein in human RBC membrane results in membrane defects 

and its complete absence is life threatening. The Band 3 deficiency resulted in 
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decreasing anion exchange across erythrocyte membrane and increasing osmotic 

fragility of RBCs (Saradhadevi 2005). The obtained results have shown no significant 

changes in Band 3 profile in the samples containing erythrocytes incubated in the 

presence of various concentrations of urea.  

Significant changes in structure of RBC membranes were found only in the relative 

amount of band 6 and band 7. Band 6 is an enzyme glyceraldehyde-3-phosphate 

dehydrogenase (G3PD). This enzyme is involved in the production of ATP. It is present 

on erythrocyte membrane and in the cytoplasm. About 90% of total erythrocytes G3PD 

are bound to a cytoplasmatic segment of Band 3 in its inactive state (Rocha 2010). The 

phosphorylation of N-terminal tyrosine residue of Band 3 prevented the binding of 

G3PD (Harrison et al. 1991). Previous studies have demonstrated that mild oxidants 

stimulate red blood cell glycolysis in proportion to their elevation of Band 3 tyrosine 

phosphorylation and activate G3PD (Mallozi et al 1995). The erythrocytes under 

oxidative stress release G3PD into the cytoplasm (Mallozi et al. 1995, Rocha et al. 

2010). Nevertheless, the amounts of other proteins were without significant changes. 

Therefore, the decrease of G3PDs amount in the sample incubated with urea at 

concentration 900 µg/mL could not be the effect of urea, but for example age of RBCs 

or individual difference between volunteers (Rocha et al. 2010). Further study and 

increased number of samples are needed for explanation. Overall, the results have 

shown that urea has no effect on viability of red blood cells. It is in contrast with results 

published by Tarif (2002), he stated that uremic milieu is responsible for decreased life 

span of red blood cells and uremic environment usually leads to susceptibility of RBCs 

to destruction under various stress (Tarif 2002). It is possible, that urea is not the most 

important factor for RBCs damage, but erythrocytes are probably exposed also to some 

other stress in uremic patients. The other possible explanation has been suggested, 

erythrocytes can have some compensation mechanism. Urea transporters can play an 

important role in this mechanism. UT-B and UT-A transporters facilitate urea transport 

(Sidoux et al. 1999). Urea is rapidly transported across the red blood cells membrane 

via facilitated diffusion pathway and the rapid urea transport helps to preserve the 

osmotic stability and deformability of the red cells and to stabilize osmotic gradients in 

the renal medulla. Furthermore, the urea transporters were related to Kidd blood group 

antigen. It was found that red blood cell from Jk(a-b-) individuals, who lack Kidd 

antigens, exhibited an increased resistance to lysis by aqueous 2 M urea 
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(Olives et al 1995). Further studies are needed for clarification of proposed 

compensation mechanism. 

The obtained results have suggested that anemia in patients with CKD is not 

dependent only on high concentrations of urea but it can result also from the interaction 

of multiple factors, such as inadequate renal production of erythropoietin, chronic blood 

loss, secondary hyperparathyroidism, accumulation of inhibitory uremic toxins, iron 

deficiency, nutritional deficiencies or inhibition of erythropoiesis caused by 

inflammation (Tarif 2002, Tarng 2007). 

Infection is other very common complication in patients with CKD. The high risk 

of bacterial and viral infection in chronic renal failure (CRF) is related to an acquired 

cellular immunodeficiency. T-lymphocytes seem to play critical role in this phenomena 

and reduced T-cell counts and impaired T-cell proliferation have been reported in 

dialysis and CRF patients (Moser et al. 2003). Direct effects of uremia or uremic 

conditions have been suggested by the established relationship between altered immune 

parameters and the stage of chronic renal failure (Deenitichina et al. 1995). Therefore, 

the effect of high concentrations of urea on T-lymphocytes viability in vitro was tested. 

No significant changes in the value of cells in apoptosis, dead cells, viable cells and 

cells in last stage of apoptosis were found in performed experiments. It is in contrast 

with results obtained in uremic patients. Alvarez-Lara et al. (2004) described that total 

lymphocyte apoptosis was largely increased in CKD patients as compared with controls. 

Lymphocytopenia probably results from interaction of many factors and more important 

could be lower proliferation of Th1-lymphocytes. Uremic toxins, such as polyamines, 

aminoguanidine and glucose-modified proteins, can play an important role in cell 

apoptosis and it is possible that these toxins do not rise in vitro (Alvarez-Lara et al. 

2004).  

Interestingly, the increased formation of aggregates of T-lymphocytes was 

observed in samples containing also RBCs. This observation may indicate that red 

blood cells and lymphocytes interact among themselves in uremic milieu (oral 

communication prof. Santos-Silva). 
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7 Conclusions 

  



67 
 

Following conclusions were made on the basis of the results obtained: 

 

• No effect of high urea concentrations (900 µg/mL and 1800 µg/mL) on the 

morphology of red blood cells and T-cells was observed when these cells were 

incubated separately. The formation of aggregates of lymphocytes induced by 

urea was observed when RBCs and T-cells were incubated together. Trypan blue 

exclusion test showed no changes in the viability of T-cells.  

 

• High urea concentrations (900 µg/mL and 1800 µg/mL) had no statistically 

significant effect on the protein profile and Band 3 protein profile in membranes 

of red blood cells after 24-hour incubation. 

 

• High concentration of urea (900 µg/mL and 1800 µg/mL) had no influence upon 

percentage of viable, apoptotic or dead cells, which was determined using flow 

cytometry. No statistically significant differences concerning the percentages of 

viable, apoptotic or dead cells between T-lymphocytes treated with urea and 

untreated controls were observed at any incubation period (2, 4 or 48 h). 
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8 List of abbreviations 
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7-AAD  7-amino-actinomycin 

AGEs   advanced glycosylation end-product 

ANF   atrial natriuretic factor 

APC   antigen presenting cells 

APS   ammonium persulfate 

BSA   bovine serum albumin 

CBBG-250  Coomassie Brilliant Blue G-250 

CBBR-250  Coomassie Brilliant Blue R-250 

CKD   chronic kidney disease 

CRF   chronic renal failure 

EB   ethidium bromide 

EPO   erythropoietin 

FBS   fetal bovine serum 

FITC   flouorescein isothiocyanate 

FSC   forward-angle light scatter 

G3PD   glyceraldehyd-3-phosphate dehydrogenase 

GBM   glomerular basement membrane 

GFR   glomerular filtration rate 

GPA   glycophorin A 

GPC   glycophorin C 

HIF-1α  hypoxia-inducible factor 1 alfa 

HMWAg  high molecular weight aggregates 

IFN-γ   interferon γ 

IL-2   interleukin 2 

IL-6   interleukin 6 

IL-7   interleukin 7 

MBH   membrane-bound hemoglobin 

PBS   phosphate buffered saline (pH 7.4) 

PE   phycoerythrin 

Pfrag   proteolytic fragments 

PI   propidium bromide 

PMSF   phenylmethanesulfanyl fluoride 

PS   phosphatidylserine 

RBCs   red blood cells 
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RhAg   Rh-blood group antigen related 

S.D.   standard deviation 

SDS   sodium dodecyl sulfate 

SDS-PAGE  sodium dodecyl sulfate – polyacrylamide gel electrophoresis 

SSC   side-angle light scatter 

TEMED  N,N,N´,N´-tetramethylethylenediamine 
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