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ABSTRACT 

 
Background: Accelerated atherosclerosis is the major cause of mortality in patients 
on chronic hemodialysis (HD). Inflammation, increased oxidative stress and 
endothelial activation or dysfunction might be the major factors leading to high 
cardiovascular mortality rate in HD patients. Also, C667T mutation of 
methylenetetrahydrofolate reductase (MTHFR) might be associated with accelerated 
atherosclerosis. Aim: The present study was designed to clarify the role of 
inflammation, oxidative stress parameters, endothelial activation or dysfunction and 
genotyping of MTHFR enzyme which affect the level of homocysteine and their 
relation to carotid artery intima-media thickness (CIMT) as indicators of 
atherosclerosis. Subjects & Methods: 44 chronic hemodialysis (HD) patients and 40 
healthy subjects were included in the study. Serum highly sensitive C reactive protein 
(hs-CRP) and IL-6 were measured as inflammatory markers, soluble vascular cell 
adhesion molecule-1 (sVCAM-1) was measured as a marker of endothelial activation 
and dysfunction. Serum thiobarbituric acid reactive substances (TBARS), total nitric 
oxide (NO), total peroxides (TP), total antioxidant capacity (TAC) and oxidative 
stress index (OSI) levels were determined as oxidative stress markers. Common 
carotid intima media thickness (CC-IMT) was assessed by carotid artery 
ultrasonography, genotyping of MTHFR enzyme which affect the level of 
homocysteine was analyzed by PCR –RFLIP technique. Results: Chronic HD patients 
had elevated levels of inflammatory markers (hs-CRP and IL-6), enhanced 
endothelial activation or dysfunction demonstrated by elevated VCAM-1 as compared 
by healthy controls. Also, they had enhanced oxidative stress indicated by the higher 
levels of NO, TBARS, TP, OSI and lower levels of TAC as compared to controls. 
Hemodialysis patients had significantly higher CC-IMT levels. There is a significant 
positive correlation between inflammatory cytokines (hs-CRP and IL-6), and each of 
TBARS, total NO, TP and OSI with CC-IMT Also, the previous parameters negatively 
correlated with TAC. There is no significant difference in the genotype of C667T 
MTHFR between patients and controls, but that mutation especially the TT genotype 
is associated with development of atherosclerosis as indicated by the increase of CC-
IMT. 
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INTRODUCTION 
 

Chronic renal failure is a 
common health problem allover the 
world and has its implications on both 
the quality of life and economic state 
of the patients. The number of patients 
with end-stage renal disease (ESRD) 
treated with renal replacement therapy 
by dialysis or transplantation is 
rapidly increasing worldwide (1). There 
is a trend for rise in number of 
patients with ESRD in Europe that is 
similar to that of the USA (2). 

Despite rapid improvement in 
dialysis technology, ESRD patients 
undergoing maintenance HD, 
experience lower quality of life, 
significantly greater morbidity, higher 
hospitalization rates, and higher 
mortality compared with the general 
population (3). Although some dialysis 
patients live longer than 5 to 10 years 
and are able to work and contribute to 
the society in which they live, others 
are far poorly and die within 2 to 3 
yrs. In addition to mortality, another 
issue surrounding ESRD is a rapidly 
aging dialysis population (3). The main 
cause of the increased mortality in 
those patients is cardiovascular 
disease (CVD). Although the 
established cardiovascular risk factors 
such as diabetes, hypertension, 
dyslipidemia, and smoking are 
common in ESRD patients, they can 
only, in part, explain the high 
prevalence of CVD observed in that 
patients group (4). So, CVD accounts 
for a premature death in more than 
50% of patients from Western Europe 
and North America undergoing 
regular dialysis. Actually, the risk for 
CVD in a 30-yrs-old ESRD patient is 

similar to the calculated risk of a 70 to 
80-yrs-old subject from the non renal 
population(5).   

Nurcan et al. (6) showed the 
presence of chronic low grade 
inflammation in ESRD patients on 
maintenance hemodialysis, and 
considered hemodialysis a state of 
chronic inflammation. In this state, the 
pro-inflammatory molecules play an 
important role in endothelial 
dysfunction, providing a link between 
inflammation, atherogenesis and 
excessive cardiovascular morbidity 
and mortality in ESRD patients (6). 

Patients with chronic renal failure 
on hemodialysis are constantly 
exposed to oxidative stress which is 
mostly attributed to the imbalance 
between oxidants and antioxidants 
due to the diffusion of hydrophilic 
compounds to the dialysate.  

A common mutation in 
methylenetetrahydrofolate reductase, 
(667 C→T) that is associated with the 
thermolabile MTHFR enzyme leads to 
decreased activity of that enzyme (7). 
A thermolabile variant of MTHFR, 
with reduced specific activity has 
been identified in which a substitution 
of cytosine (C) by thymine (T) at 
nucleotide 677 of the MTHFR gene. 
This converts an alanine to a valine 
residue that was responsible for the 
thermolability of MTHFR (7). It was 
suggested that the homozygosity for 
the MTHFR C677T polymorphism 
was associated with an increased risk 
of coronary heart disease. Also, the 
study pointed at a moderate increase 
in plasma homocysteine and the risk 
of CVD in patients with MTHFR 
C677T mutation(7). 
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Common carotid intima media 
thickness (CC-IMT) as measured by 
ultrasonography represents a marker 
of structural atherosclerosis. Increased 
CC-IMT was shown to be correlated 
with the CV risk and severity of 
coronary atherosclerosis(8,9). Increased 
CC-IMT is considered as an early 
phase of atherosclerosis and might be 
seen even in patients with mild 
hypertension and normal serum 
cholesterol (10). Assessment of CC-
IMT using high-resolution B-mode 
ultrasonography is a reliable, 
reproducible and non-invasive method 
for detecting and monitoring the 
progression of atherosclerosis (11). 
 

SUBJECTS & METHODS 
 

The current study included   84 
persons divided into two groups: 
group I:  44 chronic renal patients on 
hemodialysis. Inclusion criteria: aged 
range 35-50 years. All are clinically 
stable and free of active infections (no 
fever, no common cold, no pneumonia 
etc). Exclusion criteria: Patients with 
diabetes mellitus, liver diseases, 
autoimmune diseases, or malignancies 
were excluded in order to avoid the 
possible effects of these co-morbid 
conditions on the studied parameters. 
None of the patients were receiving 
antibiotics, corticosteroids, or 
cytotoxic drugs at the time of the 
study.  Group II (Control group): 40 
completely healthy persons and their 
kidney function tests were normal. 
Patients and controls were 
participated in the study after giving 
their informed consent. 
Sample collections:  

Blood samples from the HD 
patients were taken immediately 

before the beginning of a 4-hours 
routine HD session. Blood sample 
was divided to 3 parts, one part was 
taken on EDTA for genomic analysis, 
one part was taken on heparin for 
determination of plasma TP and TAC 
and the rest of sample was used for 
determination of NO, TBARS, IL-6 
and hs-CRP and sVCAM-1. Second 
and third tubes were immediately 
centrifuged (3000 rpm for 10 
minutes), serum, plasma separated 
and stored at -70 °C until assay. 
Biochemical Analysis:  

Interleukin-6 was measured by 
AviBion Human IL-6 ELISA kit. 
Catalogue number IL06001, 
manufactured by Orgenium 
Laboratories, Finland (12). High 
Sensitivity CRP (hs-CRP) was 
measured by CRP ELISA kit. 
Catalogue number 3125-300 
manufactured by Monobind Inc. USA 
(13).  Serum levels of the circulating 
adhesion molecules VCAM-1 were 
measured using BioSource 
Immunoassay Human Soluble 
Vascular Cell Adhesion Molecule-1 
(Hu sVCAM-1) ELISA kit. Catalogue 
number #KHT0602/KHT0601 
manufactured by BioSource 
International, Inc., Belgium (14). 
Thiobarbituric acid reactive 
substances were measured by 
chemical method according to 
Uchiama and Mihara (15). Total NO 
levels were measured by chemical 
method of Van Bezooijen et al.,(16). 
Total peroxides (TP) were assayed 
according to Harma et al. (17). Total 
antioxidant capacity (TAC) was 
assayed by TAC-chemical Kit. 
Catalogue number GR 25 10 
manufactured by Biodiagnostic, 
Egypt(18). Oxidative stress index (OSI) 
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is the percent ratio of the total 
peroxide content to the total 
antioxidant capacity (TAC) calculated 
according to the following equation 
(17). OSI = (Total peroxide, 
mM/L)/(TAC, mM Trolox 
equivalent/L) X 100. 
Genomic analysis:  

The C677T mutation in the 
MTHFR gene was analyzed by the 
PCR of genomic DNA using the 
method described by Frosst et al. (19). 
Genomic DNA was extracted from the 
whole blood using commercially 
available Qiagen DNA extraction kit. 
DNA samples were kept at -80ºC till 
analyzed by PCR-RFLP.  The C677T 
MTHFR gene mutation was detected 
by PCR-RFLP analysis using Hinf I 
restriction analysis of a 198-bp 
polymerase chain reaction. The 
oligonucleotide primers, sense strand:  
5`-TGA AGG AGA AGG TGT CTG 
CGG GA-3`and anti-sense strand: 5`-
AGG ACG GTG CGG TGA GAG 
TG-3`, were used to amplify the exon 
4 of MTHFR gene.  A 25µl PCR 
reaction mixture consisted of 5 µl of 
genomic DNA, Promega master mix 
and 2 µl (5 pmol) of each primer PCR 
reaction were put in a 0.6 ml 
microcentrifuge tube and run in a 
Gene Amp, thermocycler (Biorad, 
USA). Mutation polymorphism was 
detected by RFLP analysis technique, 
and DNA fragments were separated 
by electrophoresis in a 4% agarose gel 
followed by ethidium bromide 
staining and UV illumination allowed 
detection of mutated alleles. 
Radiological-measurements:  

Carotid atherosclerosis was 
assayed by (carotid Doppler) 
ultrasonographically. Measurement of 
intima-media thickness (IMT) of the 

carotid artery was done using a 
computed color duplex sonography 
system (Acuson 128P) using real 
time B mode. Examination was 
performed with a trasducer 7.5 MHZ 
linear array or 5 MHZ linear 
trasducer. Measurements of IMT were 
made on the common carotid arteries 
(CCA), 2cm below its bifurcation. 
The examination was done for the 
right and left common carotid arteries 
and the mean values of the two sites 
were used in the analysis. 
Statistical methods:  

The results were statistically 
analyzed using computer database 
(Graph pad prism version 5). Data 
comparisons were performed by using 
student unpaired "t" test to compare 
between patients and controls. 
Pearson correlation was used to 
indicate the relationship between 
levels of variables, the levels of 
significance were accepted with P < 
0.05 and the results were presented in 
tables as mean ± SD. 
 

RESULTS 
 

Clinical and demographic 
characteristics of the patients and 
controls are given in table 1. There 
were no significant differences in age 
and gender among the two groups. 
Body mass index (BMI) was 
significantly lower, while systolic and 
diastolic blood pressure were 
significantly higher in HD patients 
compared to controls P<0.0001 for 
each. 

The measured inflammatory 
markers are shown in table 2. The 
serum levels of hs-CRP and IL-6 were 
significantly higher in hemodialysis 
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group as compared to control group 
P<0.0001 for each. 

Oxidant and antioxidant markers 
are shown in table 3. The serum levels 
of The serum levels of TBARS, NO, 
TP, and OSI were significantly higher 
in hemodialysis group as compared to 
control group (P<0.0001 for each).  
On the other hand, the plasma levels 
of TAC was significantly lower in 
hemodialysis patients than controls 
P<0.0001. 

Markers of endothelial 
dysfunction and atherosclerosis are 
shown in table 4. The serum levels of 
CC-IMT and sVCAM 1 were 
significantly higher in hemodialysis 
group as compared to control group 
(P<0.0001 for each.  

After digestion with restriction 
enzyme the replacement of C by T 
mutation lead to creation of restriction 
site for Hinf I that lead to 3 genotypes 
figure (1), the homozygous normal 
wild type CC showed a single band at 
the 198 base pair (bp). The 
heterozygote CT showed two bands, 
one at the 198 and the second at 175 
bp. The homozygote TT showed one 
band at the 175 bp.  

MTHFR genotyping data are 
shown in table 5. There is no 
significant difference in the number or 
percentage of CC (wild type), or 
mutated CT (heterozygous), TT 
(homozygous), or the total mutation 
among the hemodialysis and control 
groups respectively. Also, there is no 
significant difference between the two 
groups as regard the frequency of C 
and T alleles. 

The different parameters in 
different genotypes are shown in table 
6. The levels of hs-CRP, IL-6, 
VCAM-1, and CC-IMT were 
significantly higher in TT genotype 
than the wild type CC with p value 
0.028, 0.039, 0.044, 0.029 and 0.012 
respectively. However, there are no 
significant differences as regard these 
parameters between TT and CT or CT 
and CC. Also, there are no difference 
between the 3 genotypes as regard 
NO, TP, TAC and OSI. 

The different parameters in 
mutated group and non mutated group 
are shown in table 7. The levels of hs-
CRP, IL-6, VCAM-1,CC-IMT, 
TBARS and TP were significantly 
higher in  the mutated than non 
mutated groups with P values of 
0.023, 0.030, 0.002, 0.014, 0.006  and 
0.0192 respectively. However, there is 
no significant difference between the 
two groups as regards, NO, TAC, OSI 
and BMI. 

Matrix of correlation coefficient 
between the different parameters in 
hemodialysis is shown in table 8. Hs-
CRP level was positively correlated 
with IL-6, VCAM-1, TBARS, TP, 
OSI and CC-IMT p<0.05 for each. IL-
6 level was positively correlated with 
VCAM-1, TBARS, TP, OSI and CC-
IMT p<0.05 for each. There is a 
positive correlation between VCAM-1 
and CC-IMT p<0.05. CC-IMT 
positively correlated with TBARS, 
NO, TP and OSI p<0.05 for each. CC-
IMT is inversely correlated with TAC 
p<0.05.
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Table (1): Clinical and demographic data of the investigated subjects 
Item Group I

(n=44)
Group II
(Controls) (n=40)

P-value 

Age (years)
Mean �SD 36.079.422 33.5 7.5 

 
NS 

Sex 
Male/female 32/12 24/16

 
NS 

BMI (Kg/m2) 
Mean �SD 20.913.5 27.071.35

 
P<0.0001 

Duration of  dialysis(months)
Mean �SD 88 6.4 0

 
- 

Systolic BP (mmHg) 
Mean �SD 148.316.81 115.313.15

 
P<0.0001 

Diastolic BP (mmHg) 
Mean �SD 89.39.57 75.758.28

 
P<0.0001 

The data were presented as mean ± SD     n= number   , NS= non significant 
 
Table (2): Serum levels of markers of chronic inflammation of the studied groups. 

Item Group I
(n=44)

Group II Controls) 
(n=40)

P-value 

hs-CRP (mg/L)
Mean �SD 
Percentage of inflamed >10ng/l 
Percentage of Non inflamed <10ng/l

18.01�8.83 
66.18% 
33.82%

4.816�2.51 
0% 
100%

 
 
P<0.0001 
 

Il-6 (pg/mL) 
Mean �SD 95.0947.43 3.361.51 

 
P<0.0001 

 
Table (3): Serum levels of markers of oxidative stress in the investigated subjects. 

Item Group I
(n=44)

Group II (Controls)
(n=40)

P-value 

TBARS (μM/L) 
Mean �SD 4.612.92 1.27�0.07

 
P<0.0001 

NO (µM/L)
Mean �SD 76.2615.24 30.9212.49

 
P<0.0001 

TP (mM /L)
Mean �SD  10.114.86 5.150.37 

 
P<0.0001 

TAC (mM Trolox  Equiv/L)
Mean �SD 1.370.4827 1.920.5

 
P<0.0001 

OSI (%) 
Mean �SD 1.20.87 0.430.17

 
P<0.0001 

 
Table (4): Markers of endothelial dysfunction and atherosclerosis of the studied 
groups. 
Item Group I

 (n=44)
Group II (Controls)
(n=40)

P-value 

Mean CC-IMT  (mm) 
Mean ±�SD 

 
0.920.08 0.68  0.05 P<0.001 

VICAM-1 (ng/ml) 
Mean ±�SD 

 
1462384.5 611.285.2 P<0.0001 
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Table (5): Methylenetetrahydrofolate reductase (MTHFR) genotyping data 
Item Group I

(n=44)
Group II (Controls)
(n=40)

P-value 

CC number 
Percentage %

25
56.82%

24
60%

NS 

CT number 
Percentage % 

12
27.27% 

11
27.5% 

NS 

TT number 
Percentage %

7
15.91%

5
12.5%

NS 

Total 
mutation(CT+TT) 
Percentage %

19
43.19% 

16
40% NS 

Allele frequency 
Item Group I

(n=44)
Group II (Controls)
(n=40)

P-value 

C  frequency
Percentage% 

62
70.45%

59
73.75%

NS 

T  frequency
Percentage% 

26
29.54%

21
26.25%

NS 

 
 
 
 
 
Table (6): The studied parameters among patients with different genotypes 

 TT 
Genotype 
(n=7) 

CT
Genotype 
(n=12) 

CC
Genotype 
(n=25) 

P-value
TT vs. 
CT 

TT vs. 
CC 

CT vs. 
CC 

hs-CRP (mg/l) 
Mean �SD  

 
22.817.03 17.836.08 14.97�83.7

1
NS 

 
0.028 

 
NS 

IL-6 (pg/ml) 
Mean �SD  

 
123.925.5 99.525.8 81.647.05 NS

 
0.039 

 
NS 

VCAM-1 (ng/ml) 
Mean �SD  

 
1663540.6 1527261.4 1346286.1 NS

 
0.044 

 
NS 

CC-IMT (mm) 
Mean �SD  

 
0.980.141 0.9760.098 0.880.082 NS

 
0.029 

 
NS 

TBARS (μM/L) 
Mean �SD  

 
6.822.58 5.0252.063 3.822.33 NS

 
0.012 

 
NS 

NO (μM/L) 
Mean �SD 

 
82.9315.68 70.9215.53 77.6413.27 NS

 
NS 

 
NS 

 TP (mM /L) 
Mean �SD 

 
12.654.74 11.73.83 8.6354.943 NS

 
NS 

 
NS 

 TAC (mM Trolox   
Equiv/L) 
Mean �SD  

 
 
1.41�0.34
2 

 
1.291�0.527
2

 
1.529�0.44
7

 
NS 

 
 
NS 

 
 
 NS 

OSI (%) 
Mean �SD  

 
1.350.447 1.520.57 1.640.61 NS

 
NS 

 
NS 

BMI (Kg/m2) 
Mean �SD  

 
20.47 4.1 20.47 4.1 21.253.01 NS

 
NS 

 
NS 
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Table (7): The studied parameters in patients with mutated and non mutated genes 
Item Mutated cases

(n=19)
Non mutated 
cases (n=25)

P-value 

hs-CRP  (mg/L) 
Mean �SD  20.147.06 14.9783.71

 
0.023 

IL-6 (pg/mL) 
Mean �SD  115.939.26 81.647.05 

 
0.030 

VCAM-1 (ng/mL) 
Mean �SD  1619335.1 1346286.1

 
0.002 

CC-IMT (mm) 
Mean �SD  0.9760.11 0.880.08

 
0.014 

TBARS (μM/L) 
Mean �SD  5.692.37 3.822.33 

 
0.006 

NO (μM/L)
Mean �SD  75.3416.27 77.6413.27 

 
NS 

TP (mM/L)
Mean �SD  12.054.09 8.644.94

 
0.0192 

TAC(mM Trolox Equiv/L)
Mean �SD  1.29�0.53 1.43�0.45

 
NS 

OSI (%) 
Mean �SD  1.520.35 1.640.62

 
NS 

BMI (Kg/m2) 
Mean �SD  20.474.1 21.253.01

 
NS 

 
 
 

 
Figure 1: Ethidium bromide- stained agarose gel illustrating the different genotypes 
of the C667T mutation. The wild type CC shows a single band at the 198 bp. The 
heterozygote CT showed two bands, one at the 198 bp and the second at 175 bp, The 
homozygote TT showed one band at 175. Lane M was 100 bp DNA molecular weight 
marker. 
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Figure 2: Carotid ultrasonography for measurement of the carotid artery intimal 
thickness (CC-IMT) in a patient and a control. 
 
 

DISCUSSION 
 

Chronic uremia is considered as a 
pro-inflammatory state associated 
with high cardiovascular morbidity 
and mortality (20). Serum levels of IL-
6 and CRP are elevated in pre-dialysis 
and dialyzed CRF patients(20). In the 
current study, the serum levels of hs-
CRP and IL-6 were elevated as 
compared with the healthy controls( 
p< 0.0001) and the percentage of 
inflamed patients (hs-CRP>10ng/l) 
was 66.18% versus 33.81% who are 
not inflamed. This indicates a high 
prevalence of inflammation in 
hemodialysis patients as compared 
with healthy controls. There is a 
strong positive correlation between 
the serum levels of IL-6 and CRP as 
shown in table (8). This finding is in 
consistence with other studies(21).  The 
inflammatory cytokine ''IL-6'' 
stimulates hepatic synthesis of 
CRP(21).  In the present study, there 
were positive correlations between the 
inflammatory markers (CRP and IL-6) 
and oxidative stress markers (TBARS, 

TP and OSI). One of the mechanisms 
that may account for increased 
oxidative stress in HD is the chronic 
inflammation(22). Chronic 
inflammation, as evidenced by 
increased levels of the pro-
inflammatory cytokines is a common 
feature in HD patients. Activation of 
polymorphonuclear neutrophils and 
monocytes has been described during 
HD, which results in the release of 
reactive oxygen species (ROS) and 
cytokines(23). Activated neutrophils 
generate superoxide anions that 
combine with endothelial-derived NO, 
forming highly cytotoxic hydroxyl 
radical(23).  In the present study, there 
is a positive correlation between 
inflammatory markers and VCAM-1 
and CC-IMT. This is consistent with 
other studies (21&24). The increase in 
inflammatory cytokines lead to 
increased expression of VCAM-1 on 
the surface of endothelial cells  which 
in turn lead to adhesion of leucocytes 
and rolling in or transendothelial 
migration of monocytes into the sub 
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endothelium , the early step in the 
development of atherosclerosis (21, 24). 

Oxidative stress is a persistent 
manifestation of ESRD which has 
been documented by the increase in 
the oxidative products of fat, 
carbohydrates, and proteins in tissues 
and plasma of uremic patients(25). 
Several etiologic factors for oxidative 
stress have been proposed in these 
patients, including uremic reaction of  
the blood with dialyzer membranes 
and  subsequent  contaminating with  
dialysis  byproducts, acute or chronic 
bacterial infections,، parenteral 
administration  of  ferrous  sulfate, 
limitation in consumption of fruits and 
vegetables that are  rich in antioxidant 
vitamins and natural phytochemicals 
besides the underlying chronic 
diseases(25).  Furthermore, oxidative 
stress is responsible for alterations in 
the composition of lipoproteins that 
result in oxidation of low-density 
lipoproteins and the release of short-
chain aldehydes, such as 
malondialdehyde and acceleration of 
atherosclerosis  )٢٦ ).  Finally, it seems 
that ROS has a role in the 
pathophysiology of ischemia-
reperfusion injury. Due to the impact 
of ROS on the regulation of cellular 
cycle, oxygen radicals may cause 
hypertrophy of the renal tubular cells 
(27).  On the other hand, oxidative 
stress in ESRD has an important role 
in the pathogenesis of hypertension, 
anemia, reduction of erythrocytes 
lifespan, inflammation, fibrosis, and 
apoptosis(27). 

In the current study, the levels of 
serum TBARS, NO, TP and OSI were 
significantly higher in hemodialysis 
patients as compared with the healthy 
controls (p<0.0001). Total antioxidant 

capacity was inversely correlated with 
TP and OSI. This could be explained 
by exhaustion of antioxidants set 
against increased oxidative stress (28). 

In the present study, markers of 
endothelial dysfunction and 
atherosclerosis CC-IMT and VCAM-1 
are significantly higher in 
hemodialysis group as compared to 
control group with P<0.0001 for each.  
The CC-IMT levels were positively 
correlated with CRP and IL-6 levels 
as the inflammation is the basic 
mechanism underlying the 
pathogenesis of the atherosclerosis 
(21). Also, CC-IMT levels were 
positively correlated with VCAM-1 
which is essential for the adhesion and 
sub-endothelial migration of 
monocyte, the early step in 
development of atherosclerosis. Also, 
CC-IMT is positively correlated with 
the oxidative stress markers (TBARS, 
NO, TP and OSI) pointing to a role of 
oxidative stress in the development of 
atherosclerosis (21,24).  So, TBARS, 
NO and TP could be considered 
positive determinants and TAC is 
considered a negative determinant of 
atherosclerosis. 

A higher plasma total 
homocysteine level is associated with 
an increased risk of cardiovascular 
disease in dialysis patients (29). The 
C677T polymorphism for the gene 
encoding MTHFR is the most 
important genetic variant associated 
with homocysteine metabolism. One 
study suggested an association 
between MTHRF gene mutation and 
plasma homocysteine levels, and 
atherosclerosis(30). Others did not find 
such a relationship(31). Lim et al. (32) 
investigated the association between 
the MTHFR gene mutation, the 
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plasma homocysteine levels and 
carotid atherosclerosis. They found 
that, patients bearing the TT genotype 
had the highest CC-IMT, whereas the 
lowest CC-IMT values were observed 
in patients with the CC genotype. The 
investigators concluded that both the 
TT genotype and the T allele of the 
MTHFR gene are associated with 
increased CC-IMT in hemodialysis 
patients(32).  Haviv et al., reported that 
MTHFR C667T mutation was 
associated with cardiovascular disease 
in hemodialysis patients (33). 

In the present study, there were 
no significant difference in the 
genotyping of MTHFR between 
patients and controls or in frequency 
of C or T alleles between patients and 
controls. However, there is a 
significant difference between the 
mutated and non mutated patients as 
regards the inflammatory markers 
VCAM-1 and CC-IMT. TT genotype 
is associated with elevated levels of 
homocysteine which is highly 
exaggerated in cases of chronic renal 
failure(34).  Hideki et al.(29) reported 
that in subjects with normal renal 
function, the TT genotype causes only 
a 25% increase in plasma 
homocysteine compared to subjects 
with other genotype.  Whereas, in 
patients with ESRD undergoing 
maintenance dialysis, the TT genotype 
causes about 40 to 100% increase in 
plasma homocysteine , compared to 
other genotypes who are already have 
two to three times higher 
concentrations of homocysteine than 
normal subjects. The levels of 
homocysteine are linked with the 
production of inflammatory markers 
(35). Homocysteine induced monocyte 
chemo-attractant protein-1(MCP-1) 

protein and mRNA levels in 
macrophage via nuclear factor kappa 
B (NF-κB) activation, a process found 
to be mediated by generation of 
oxidative stress which in turn induce 
the production of inflammatory 
cytokines(35). 

Homocysteine affects directly the 
expression of adhesion molecules in 
endothelial cells and, in particular, 
VCAM-1 by increasing its gene 
expression or indirectly by the 
increase of inflammatory cytokines 
which in turn increase the expression 
of adhesion molecules on the surface 
of endothelial cells.  Also, increased 
oxidative stress is often quoted as a 
mechanism of homocysteine-induced 
endothelial cell dysfunction(36). So, 
homocysteine act as the pro-oxidant 
and pro-inflammatory(36).  

The precise mechanism linking 
MTHFR mutation with vascular 
damage is not fully understood. 
Plasma homocysteine is 
independently related to aortic 
stiffness and left-ventricular 
hypertrophy(37). Homocysteine might 
cause endothelial injury, endothelial 
dysfunction, smooth muscle cell 
proliferation, and an increase in 
vascular monocyte adhesion(38).  Also, 
it induces oxidative stress which plays 
a critical role in the process of 
endothelial injury and dysfunction(37). 
Hyperhomocysteinemia raises the 
intracellular S-adenosyl-homocysteine 
(AdoHcy) but not AdoMet (s-
adenosyl-methionine) concentration. 
Impairment of methylation reactions 
increases protein damage. 
Hypomethylation of DNA can lead to 
inappropriate gene expression (36). 
Remethylation and transmethylation 
rates are significantly lower in 
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hemodialysis patients as compared to 
those in healthy subjects (39). 
 

CONCLUSION 
 

It could be concluded that there is 
increased inflammation and oxidative 
stress in hemodialysis patients as 
compared to healthy controls. The 
patients had, also, an increased risk of 
developing atherosclerosis as 
indicated by the increase of CC-IMT 
and VCAM-1 levels.  
 

REFERENCES 
 
1- Lysaght, M.J. (2002): 

Maintenance dialysis population 
dynamics: current trends and 
long-term implications.  J Am 
Soc Nephrol.,13: 37-40 

2- U.S.Renal Data System, USRDS 
(2007): The reference tables in 
the second half of the ADR are 
similar to those of previous 
editions. Titles have been further 
clarified, and footnotes provide 
more information on the patient 
populations used in the analyses. 

3- Kalantar-Zadeh, K. and 
Kopple, J.; (2001): Relative 
contributions of nutrition and 
inflammation to clinical outcome 
in dialysis patients. AM J Kidney 
Dis., 38:1343-1350. 

4- Akdag, I.; Yilmaz, Y.; 
Kahvecioglu, S.; Bolca, N.; 
Ercan, I.; Ersoy, A. and 
Gullulu, M. (2008): Clinical 
Value of the Malnutrition-
Inflammation-Atherosclerosis 
Syndrome for Long-Term 
Prediction of Cardiovascular 
Mortality in Patients with End-
Stage Renal Disease: A 5-Year-

Prospective-Study. -Nephron Clin 
Pract., 108:99-105. 

5- Stenvinkel, P. (2003): 
Interactions between 
inflammation, oxidative stress, 
and endothelial dysfunction in 
end-stage renal disease. J Ren 
Nutr. 13:1444-8. 

6- Nurcan, C.; Esra, B.; 
Nurzen, S.; Pinar, A.; and 
Mehmet, H. (2008): Oxidative 
stress in children on 
hemodialysis: value of auto-
antibodies against oxidized low-
density lipoprotein. Pediatric 
Nephrology 15:114-117. 

7- Álvaro, M.; Gonzalo, C.; 
Arturo, R.; Ana, J. ; Jesús, G.; 
Alfonso, R.; Maximiliano, R.; 
and Armando, R. (2008): 
Human genetic selection on the 
MTHFR 677C>T polymorphism. 
BMC Med Genet., 9: 104-108 . 

8- Burke, G.; Evans, G. and Riley, 
W.(1995): Arterial wall thickness 
is associated with prevalent 
cardiovascular disease in middle-
aged adults. The Atherosclerosis 
Risk in Communities (ARIC) 
Study. Stroke, 26: 386–391. 

9- O’Leary, D.; Polak, J. and 
Kronmal, R. (1999): 
Cardiovascular Health Study 
Collaborative Research Group). 
Carotid-artery intima and media 
thickness as a risk factor for 
myocardial infarction and stroke 
in older adults. N. Engl. J. Med., 
340: 14–22. 

10- Ekart, R.; Hojs, R.; Hojs-
Fabjan, T. and Sheela, R. 
(2005): Predictive value of 
carotid intima media thickness in 
hemodialysis patients. Artif 
Organs., 29: 615–619. 



 
 
Bull. Egypt. Soc. Physiol. Sci. 31 (1) 2011                                                Hassan et al. 

 
88

11- Hojs, R. (2000): Carotid intima-
media thickness and plaques in 
hemodialysis patients. Artif 
Organs., 24: 691–695. 

12-  Allen, M.J.; Myer, B.J.; 
Khokher, A.M. ;Rushton, N. 
and Cox, T.M. (1997):  Pro-
inflammatory  cytokines  and  the  
pathogenesis  of Gaucher's 
Disease:  increased  release  of  
interleukin-6  and  interleukin  -
10. QJM., 90, 19-25. 

13- Teitz, N.W. (1995): Clinical 
guide to laboratory tests, 3rd 
edition WB Saunders Company, 
Philadelphia PA, 605-687. 

14- Mason, J.C.; Kapahi, P.; 
Haskard, D.O. (1993): Detection 
of increased levels of circulating 
intercellular adhesion molecule 1 
in some patients with rheumatoid 
arthritis but not in patients with 
systemic lupus erythematosus. 
Lack of correlation with levels of 
circulating vascular. Arthritis 
Rheum, 36(4):519-27. 

15- Uchiama, M. and Mihara, M. 
(1978): Determination of 
malondialdehyde precursor in 
tissue by thiobarbituric acid test. 
Ann. Biochem., 86:271-278. 

16- Van Bezooijen, R. L.; Que, I.; 
Ederveen, A. G. H.; 
Kloosterhoer, H. J.; 
Papapoulos, S. E.  and Lowik, 
C. W. (1998): Plasma nitrate + 
nitrite levels are regulated by 
ovarian steroids but do not 
correlate with trabecular bone 
mineral density in rats. J. 
Endocrin., 159:27-34. 

17- Harma, M.; Capraz, I. and 
Erel, O. (2005): Measurement of 
the total antioxidant response in 
preeclampsia with a novel 

automated method. Eur J Obstet 
Gynecol Reprod Biol., 118: 47-
51. 

18- Koracevic, D. ; Koracevic, G.; 
Djordjevic, V.; Andrejevic, S. 
and Cosic,V. (2001): Method for 
the measurement of antioxidant 
activity in human fluids. J. Clin. 
Pathol., 54:356-36. 

19- Frosst, P.; Blom, J.; Milos, R.; 
Goyette, P.; Sheppard,  A.; 
Matthews, G.; Boers, H.; den 
Heijer, M,; Kluijtmans, J.; van 
den Heuvel, P. and Rozen, R. 
(1995): A candidate genetic risk 
factor for vascular disease: a 
common mutation in 
methylenetetrahydrofolate 
reductase. Nature Genet., 10: 
111-113. 

20- Panichi, V.; Migliori, M. and 
De Pietro S, (2002): C-reactive 
protein and interleukin-6 levels 
are related to renal function in 
predialytic chronic renal failure. 
Nephron, 91:594–600. 

21- Stenvinkel, P.; Barany, P.; 
Heimbu, O.; Pecoits-Filho, R.; 
and Lindholm, B. (2002): 
Mortality, malnutrition, and 
atherosclerosis in ESRD what is 
the role of interleukin-6? . Kidney 
International, 61: 103–108. 

22- Elisabeth, C.; Samouilidou1; 
Eirini, J.; Grapsa, I.; Kakavas, 
A.; and Basilis, A. (2003): 
Oxidative stress markers and C-
reactive protein in end-stage renal 
failure patients on dialysis. 
International Urology and 
Nephrology, 35: 393–397. 

23- Dursun, B.; Dursun, E.; 
Suleymanlar, G.; Ozben, B.; 
Capraz, I.; Apaydin, A. and 
Ozben, T. (2008): Carotid artery 



 
 
Bull. Egypt. Soc. Physiol. Sci. 31 (1) 2011                                                Hassan et al. 

 
89

intima-media thickness correlates 
with oxidative stress in chronic 
hemodialysis patients with 
accelerated atherosclerosis. 
Nephrol. Dial. Transplant., 23: 
1697–1703. 

24- Papagianni, A.; Kalovoulos, 
M.; kimizis, D.; Vainas, A.; 
Belechri A; Alexopoulos E and 
Memmos D. (2003): Carotid 
atherosclerosis is associated with 
inflammation and endothelial cell 
adhesion molecules in chronic 
hemodialysis patients; Nephrol. 
Dial. Transplant., 18:113-119. 

25- Samadian, F.;   Lessan-
Pezeshk, M.; Mahdavi-Mazdeh, 
M.; Kadkhodaie, M.; Sepideh, 
S. and Ahmadi, F. (2007): 
Relation of Antioxidants and 
Acute-Phase Reactants in Patients 
Receiving Hemodialysis. IJKD ., 
1:38-42. 

26- Hasselwander, O. and Young, 
I.S.( 1998): Oxidative stress in 
chronic renal failure. Free Radic 
Res., 29:1-11. 

27- Vaziri, N.D. (2004): Oxidative 
stress in uremia: nature ،
mechanisms, and potential 
consequences. Semin Nephrol., 
24:469-73. 

28- Aydın, E.; Fuat, G.; Mehmet, 
K.; Halil, K.;. Ali, G.; Yıldız, A. 
and Şahbettin, S. (2006): 
Oxidative stress, inflammation 
and early cardiovascular damage 
in children with chronic renal 
failure ;Pediatr Nephrol., 21: 
545–552  

29- Hideki, K.; Fumitake, G. ; 
Satoru, S.  and Ryoichi, 
M.(2000): The C677T   
Methylenetetrahydrofolate 
Reductase Gene Mutation in 

Hemodialysis Patients J Am Soc 
Nephrol., 11:885-893. 

30- Inamoto, N.; Katsuya, T.; 
Kokubo, Y.; Mannami, T.; 
Asai, T.; Baba, S.; Ogata, J.; 
Tomoike, H. and Ogihara, T. 
(2003): Association of 
methylenetetrahydrofolate 
reductase gene polymorphism 
with carotid atherosclerosis 
depending on smoking status in a 
Japanese general population. 
Stroke, 34: 1628–1633. 

31- Scaglione, L.; Gambino, R.; 
Rolfo, E.; Lillaz, E.; Gai, M.; 
Cassader, M.; Pagano, G. and 
Cavallo-Perin, P. (2002): 
Plasma homocysteine, 
methylenetetrahydrofolate 
reductase gene polymorphism 
and carotid intima-media 
thickness in Italian type 2 
diabetic patients. Eur. J. Clin. 
Invest., 1932: 24–28. 

32- Lim, P.; Hung, R. and Wei, Y. 
(2001): Polymorphism in 
methylenetetrahydrofolate 
reductase gene: Its impact on 
plasma homocysteine levels and 
carotid atherosclerosis in ESRD 
patients receiving hemodialysis. 
Nephron , 87: 249–256. 

33- Haviv, Y.S.; Shpichinetsky, V. 
and Goldschmidt, N. (2002): 
The common mutations C677T 
and A1298C in the human 
methylenetetrahydrofolate 
reductase gene are associated 
with hyperhomocysteinemia and 
cardiovascular disease in 
hemodialysis patients. Nephron 
92: 120–126. 

34- Födinger, M.; Mannhalter, C.; 
Wölfl, C.; Pabinger, I.; Müller, 
E.; Schmid, R.; Hörl, W.H. and 



 
 
Bull. Egypt. Soc. Physiol. Sci. 31 (1) 2011                                                Hassan et al. 

 
90

Sunder-Plassmann, G. (1997): 
Mutation (677 C to T) in the 
methylenetetrahydrofolate 
reductase gene aggravates 
hyperhomocysteinemia in 
hemodialysis patients. Kidney 
Int., 52: 517-523. 

35- Shastry, S. and James, L.R. 
(2009): Homocysteine-induced 
macrophage inflammatory 
protein-2 production by 
glomerular mesangial cells is 
mediated by PI3 Kinase and p38 
MAPK. Inflammation: 6:27-34. 

36- Carluccio, M.A.; Siculella, L.; 
Ancora, M.A.; Massaro, M.; 
Scoditti, E.; Storelli, C.; Visioli, 
F.; Distante, A. and De 
Caterina, R. (2003): Olive oil 
and red wine antioxidant 
polyphenols inhibit endothelial 
activation: antiatherogenic 
properties of Mediterranean diet 
phytochemicals. Arterioscler. 

Thromb. Vasc. Biol., 23: 622–
629. 

37- Walter, H. (2004): 
Atherosclerosis and uremic 
retention solutes. Kidney 
international, 66: 1719–1731. 

38- Harpel, P.C.; Chang, V.T. and 
Borth, W. (1992): Homocysteine 
and other sulfhydryl compounds 
enhance the binding of 
lipoprotein(a) to fibrin: A 
potential biochemical link 
between thrombosis 
atherogenesis and sulfhydryl 
compound metabolism. Proc. Nat. 
Acad. Sci. USA., 89:10193–
10197. 

39- Van Guldener, C.; Kulik, W.; 
Berger, R.; et al. (1999): 
Homocysteine and methionine 
metabolism in ESRD: A stable 
isotope study. Kidney Int., 56: 
1064–1071. 

 
 
 

 الالتھاب والضغط التاكسدى وتصلب الشرايين فى مرضى
 الفشل الكلوي المزمن

 
 ،***،حسام ابو زيد**، محمد عباس صبح*، منى عبد الحميد الباز*حسنى على حسن

  *طه سيد مصطفى
  جامعة أسيوط-كلية الطب- *** ، الأشعة**، الباطنه*أقسام الكيمياء الحيويه الطبيه

  
تصل نسبة . من من الأمراض التي تسبب كثيرا من المعوقات للمريض وللاقتصادالفشل الكلوي المز مرض    

يحدث تصلب الشرايين  .من ھؤلاء المرضى% ٥٠الوفيات نتيجة امراض القلب وتصلب الشرايين إلى حوالي 
حيث أنة يحدث  في مرضى الفشل الكلوي الذين أعمارھم ،  في ھولاء المرضى بنسبة اكبر وفى سن مبكرة جدا

ھناك عوامل . ي سن الثلاثين بنفس النسبة للأخرين الذين ھم في سن السبعين وغير مصابون بھذا المرضف
كمرض  ( متعددة تتداخل فى حدوث تصلب الشرايين فى ھؤلاء المرضى، بالاضافة للعوامل التقليدية المعروفة 

حدث فيھم زيادة نشاط المسسببات ، ھؤلاء المرضى ي...) البول السكرى وارتفاع ضغط الدم والتدخين وغيرھا 
الغير تقليدية مثل الالتھاب الكامن و زيادة نشاط الشوارد الحرة و تلف النسيج المبطن للاوعية 

ھناك . وزيادة نسبة الھوموسستين وغيرھا من المسببات الغير تقليدية) Endothelial Dysfunction(الدموية
ھذا .  أجسام ھولاء المرضى كمحاولة للتغلب على ھذا الالتھابالتھاب مزمن ونشاط مستمر لجھاز المناعة في 

الالتھاب قد يكون غير ملحوظ بالطرق الإكلينيكية ولكن ھذا الالتھاب المستمر و الكامن ھو من العوامل المھمة 
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جد أي أنة لا تو( في ھذة الدراسة تم دراسة نشاط الالتھاب الغير ملحوظ إكلينيكيا . في حدوث تصلب الشرايين
وذلك عن ). أعراض إكلينيكية للالتھاب كارتفاع في درجة الحرارة أو غيرھا من الأعراض الإكلينيكية للالتھاب

وھم  من الدلالات الھامة ، (CRP)وكذلك البروتين التفاعلى للالتھاب  (IL-6)  ٦- طريق قياس  الانترلوكين
وأيضا في ھذة الدراسة تم بدراسة نشاط . شرايينأيضا من الدلالات على نشاط عملية تصلب ال.  لحدوث الالتھاب

والبيروكسيد ) NO(وكذلك النيترك اوكسيد) TBARS(الليبيد بيراوكسيد ( الشوارد الحرة عن طريق قياس
ومنھم يتم حساب معامل الاجھاد ) TAC(وكذلك قياس اجمالى مضادات الاكسدة ) TP(الاجمالى  
م دراسة تلف النسيج المبطن للأوعية الدموية عن طريق قياس واحد أيضا في ھذة الدراسة ت) ). OSI(التاكسدى

من الدلائل الھامة على حدوث التدمير للخلايا المبطنة للأوعية الدموية وھو واحد من الجزيئات اللاصقة فى 
لى وھو أحد الأدلة ع (VCAM-1)الخلايا المبطنة للأوعية الدموية و المسمى باللاصق لخلايا الأوعية الدموية 

 Common carotidنشاط عملية تصلب الشرايين وكذلك قياس سماكة جدار الشريان السباتى الرئيسى 
intimal-media thickness) ( وذلك باستخدام وذلك باستخام الاشعة التليفزيونية)ايضا تم عمل ). الدوبلر

يداكتيز بخصوص الطفرة لھؤلاء المرضى لجين انزيم ميثيلين تتراھيدروفولات ر) genotyping(مسج جينى 
حيث  انة واحد من ).  C667T( من الجين ٦٦٧الجينية التى تؤدى الى تحول السيتوزين الى ثيامين فى الموقع 

  .  الانزيمات التى تؤثر فى مستوى الھوموسستين والذى يلعب دورا ھاما فى عملية تصلب الشرايين
مريضا بالفشل الكلوي  ٤٤مكونة من : الأولى المجموعة : وقد تمت الدراسة على مجموعتين من المرضى

سنة لتجنب تصلب الشرايين الذي يحدث مع السن  ٥٠- ٣٥أن يكون في سن بين : المزمن ويشترط فيه  الاتى
وان لا تكون ھناك أي أعراض للعدوى أو الالتھاب مثل ، وان يكون من الناحية الاكلنيكية حالتة مستقرة ، المتقدم 

ويجب تجنب المرضى الذين يعانون من ، رارة أو أعراض برد أو التھاب رئوي أو غيرھاارتفاع في درجة الح
مرض البول السكرى وأمراض الكبد أو السرطانات أو أمراض المناعة الزائدة لتجنب تأثير ھذة الأمراض على 

الأدوية إنتاج السيتوكينات وأيضا يجب تجنب المرضى الذين يتعاطون مضادات حيوية أو كورتيزونات أو 
شخصا  ٤٠مكونة من ): (control group: المجموعة الثانية . (Cytotoxic drugs)المثبطة لنشاط الخلايا 

وأيضا لا يعانون من الأمراض الأخرى . فى نفس السن لا يعانون من أمراض الكلى ووظائف الكلى لھم طبيعية
أخذ عينة من الدم  يتم فصل البلازما والمصل  من كل شخص ن. السابق ذكرھا ولا يتعاطون الأدوية السابق ذكرھا

وكذلك  يوخذ جزء من عينة الدم للتحليل ، درجة مئوية حتى وقت التحليل ٧٠-منھا وتحفظ فى ثلاجة عند 
والبروتين التفاعلى  للالتھاب     (Interleukin-6)٦تم قياس دلالات الالتھاب  وھم  السيتوكين رقم . الجينى

(CRP)  .الخلوي للخلايا المبطنة  للاوعوية الدموية أيضا اللاصق(VCAM-1)  كدليل على تحطم الخلايا
وكذلك . تم قياس الشوارد الحرة  ومضادات التأكسد.المبطنة للأوعية الدموية وحدوث مرض تصلب الشرايين

ب قياس سماكة الجدران للشريان السباتى باستخدام اشعة الدوبلر وھو دليل واضح على حدوث عملية تصل
عمل مسح جينى بخصوص الانواع الجينية لانزيم التتراھيروفوليت ريداكتيز بخصوص الطفرة . الشرايين

  ).C667T( من الجين ٦٦٧الخينية التى تودى الى تحول السيتوزين الى ثيامين فى الموقع 
الغسيل  وقد أظھرت الدراسة زيادة فى مستوى دلالات الالتھاب فى مرضى الفشل الكلوى والذين يتعاطون

 TP , TBARS, NO(الكلوى بالمقارنة بالاصحاء، ايضا ھناك زيادة فى مستوى دلالات الاجھاد التاكسدى 
and OSI ( ونقص فى مستوى اجمالى مضادات التأكسد)TAC (فى ھولاء المرضى بالمقارنة بالاصحاء  .

ن للشريان السباتى فى وايضا زيادة فى سمك الجدرا) VCAM-1(ايضاء زيادة فى مستوى الاصق الخلوى 
ليس ھناك فرق بين نسبة الطفرة الجينية بين  مرضى الفشل الكلوى . ھولاء المرضى بالمقارنة بالاصحاء

لكن اظھرت الدراسة زيادة فى دلالات الالتھاب ونسبة اللاصق الخلوى و سماكة الجدران و الشوارد . والاصحاء
 TT.نية وخاصة النوع فى المرضى ذو الطفرة الجي)   TBARS, TP(الحرة

 
 

  


