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Introduction

Cardiac imaging is increasingly used to detect heart diseases and 
to guide therapy. Along with the increased use of  cardiac imaging 
at clinics there is increased attention to the potential risks related 
to the methods used. X-rays (IR) and iodinated contrast agents 
are frequently used for diagnostic applications in the angiography, 
and these were main risk sources. IR is known to cause harm, 
and high radiation doses tend to kill cells, while low doses tend 
to damage or alter the genetic code of  irradiated cells. At the 

time of  radiotherapy and radio diagnostic, there is a risk, that it 
is associated with the irradiation of  normal, healthy tissue and 
the development of  the radio induced complications. At the same 
time, it has also long been known that IR induced damage of  
the immune system. However, substantial evidence suggests more 
varied effects of  radiation on the immune system, prompting the 
recharacterization of  radiation as immune-modulatory rather 
than immunosuppressive. The effect of  IR on the immune 
response has become one of  the chief  research fields in radiation 
biology and radiation protection [5]. The relationship between IR 
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and the immune system is multifactorial and highly depends on 
the radiation dose/quality and immune cell types [9]. However 
it results in changes in morphology and functional activity both 
at the cellular and system levels causing disturbance of  immune 
reactivity whose final result is modulation of  the immune system 
[11].

Therefore, this study aimed at investigating the effect of  exposure 
to IR and iodinated contrast agent on the immune system, the 
effect on the balance between early T-cell marker (CD3), T-helper 
(CD4) and T suppressor (CD8) of  the T-Iymphocyte subgroups.

Subjects And Methods

Subjects

This study was carried out on the venous blood of  47 angiography 
patients with CVD exposed to coronary angiographic imaging 
(X-rays and iodinated contrast media, 27 males, 20 females).The 
patients were subjected to investigating the level of  CD3, T-helper 
(CD4) and T suppressor (CD8) of  the T-Iymphocyte subgroups. 
The patients were referred from Department of  Cardiology, 
Cardiac Imaging, University Çukurova, Adana, Turkey. The 
age range of  the patients ranged from 38 to 75 years (54.31 ± 
9.09 average age). Peripheral blood samples collected into tubes 
containing disodium ethylene diamine tetra acetate (EDTA) 
before and 24 hours after angiographic imaging. The blood 
samples were investigated for lymphocyte subsets using flow 
cytometry in Turkey. This study was approved by the Institutional 
Ethic Committee and informed consent was obtained from each 
participant.

Flow Cytometry Study

The ranges of  CD3, CD4, CD8 and the CD4/CD8 rate in the 
47 patients with CVD were determined using a flow cytometry 
instrument (Beckman Coulter, Navios, USA) at the Central 
Laboratory of  the Faculty of  Medicine, University of  Cukurova, 
Turkey. 100μl of  EDTA blood from each patient received 
polystyrene tubes. 10μl of  CD8 FITC/CD4PE/CD3ECD 
(Beckman Coulter, USA) was added from the monoclonal 
antibody mixture and then vortexed. The tubes were placed in 
Carousel. Carousel TQ-Prep (Beckman Coulter, USA). The 
device's short-button was pressed. The samples were incubated 
for 10 minutes at room temperature. Later, 600μl Immunoprep 
A (erythrocyte lysing agent), 265μl Immunoprep B (leukocyte 
stabilizer) and 100μl Immunoprep C (cell membrane fixative) 
solutions were added to the samples in the TQ-Prep Workstation 
(vortexed after each transfer) (Beckman Coulter, USA). Analysis 
of  each lymphocyte subset was made using an EPICS XL-
MCL flow cytometer (Beckman Coulter) and the values were 
determined as a percentage of  all the parameters.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics Version 
19.0 statistical software package. Continuous variables were 
summarized as mean and standard deviation and as median and 
minimum-maximum where appropriate. For comparison of  
two related (paired) continuous variables, paired samples t-test 
was used. The statistical level of  significance for all tests was 

considered to be 0.05.

Results

The mean values and difference of  47 patients before and after 
angiographic imaging of  the lymphocyte subsets are given in 
Table 1 and 2, Figure 1. The absolute values of  the lymphocyte 
subsets before and after angiographic imaging were as follows; 
CD3: 69.177 and 69.514; CD4: 41.824 and 45.061; CD8: 29.809 
and 27.294, respectively. The differences in the change of  absolute 
values CD3, CD4 and CD8 before and after angiographic imaging 
in every patient (47) were as follows: CD3: increased in 29 patients 
(% 61.7) and decreased in 18 patients (% 38.3); CD4: increased in 
33 patients (% 70.2) and decreased in 14 patients (% 29.8); CD8: 
increased in 13 patients (% 27.6) and decreased in 34 patients (% 
72.4) (Table 1). CD3 ratio is increased, CD4 ratio is increasing 
while CD8 ratio is decreasing accordingly.

It was found that the absolute value of  CD3 was not significant 
(p=0.732) but, the rates of  CD4 and CD8 was statistically 
significant difference before and after angiographic imaging (p 
value ranged from 0.000 to 0.001). Although, the ratio of  CD4/
CD8 before and after angiographic imaging was between normal 
values, as the value of  CD4 increases, CD8 decreases with it 
(Table 1 and Figure 1). The rate of  CD4/CD8 before and after 
angiographic imaging was 1.526 and 1.834, respectively. However, 
there was statistically significant difference in absolute value of  
CD4/CD8 (p=0.000) (Table 1). Before and after the angiographic 
imaging, and CD8-FITC/CD4-PE/CD3-ECD values were 
determined in the patients. Before the angiographic imaging, it 
was observed that the CD4/CD8 ratio was less than 1.6 in 27 
patients, between 1.6-2.0 in 12 patients and above 2.0 in 8 patients. 
Before the angiographic imaging, 16 of  the 27 persons with a 
CD4 / CD8 ratio below 1.6 were below 1.6 after the angiographic 
imaging, 4 had values between 1.6 and 2.0, and 7 were above 2.0. 
Before the angiographic imaging, the value of  8 of  12 persons 
with a CD4/CD8 ratio of  1.6-2.0 was between 1.6-2.0 after the 
angiographic imaging, and the value of  4 was above 2.0. Before 
the angiographic imaging, the value of  one of  the 8 CD4 / CD8 
ratios above 2.0 was reduced to 1.6-2.0 after the value treatment, 
while the value of  8 remained above 2.0. There was no statistically 
significant difference in the percentages and absolute value s of  
lymphocyte subsets between the genders (p>0.05).

Discussion

Medical radiations(as X-rays) are the largest source of  radiation 
exposure and increase cellular immune function. X-rays is 
increasingly being used in cardiology to detect heart disease and 
guide therapy. The immune suppression may make the human 
body unable to resist the infection of  bacteria or virus, whereas 
immune system overreaction also causes tissue damage and 
increases the rate of  fatality and disability. In studies, increased 
concentrations of  some immunoglobulins and changes in 
numbers of  lymphocytes were observed in blood samples from 
radar operators and workers at television-transmission stations, 
but the results were variable and the alterations seemed to be 
within the normal variation [6].

We analyzed the relation between peripheral immune cell subsets 
and before-after angiographic imaging. The CD4/CD8 ratio of  
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Table 1. The differences in the change of  absolute values of  lymphocyte subsets before and after angiographic imaging in 
47 patients.

Patient no CD3 CD4 CD8
1 -11.30 -8.90 12.90
2 -2.30 -1.80 -0.90
3 -1.03 5.70 -6.41
4 7.10 -0.10 6.70
5 4.00 4.50 2.60
6 16.40 0.30 0.40
7 -5.70 8.50 -5.00
8 7.40 8.30 -2.70
9 -1.60 6.20 -2.70
10 12.10 13.30 -4.00
11 3.40 5.80 -2.00
12 7.80 7.80 1.00
13 1.30 6.70 -6.20
14 0.40 -2.00 0.90
15 -7.50 4.10 -11.30
16 1.80 -0.60 2.90
17 5.90 3.30 2.50
18 3.10 5.50 -4.70
19 4.70 1.50 0.50
20 3.00 2.70 1.50
21 8.60 11.35 -2.30
22 2.60 6.20 -3,70
23 0.90 -3.10 -0.20
24 0.30 2.00 -2.50
25 -4.80 2.40 -4.50
26 -16.20 -4.40 -8.50
27 -0.40 -0.20 -0,30
28 -1.00 -1.30 -5.80
29 0.20 9.80 -8.30
30 7.50 7.20 1.40
31 1.10 1.30 -0.20
32 -3.00 10.40 -12.20
33 0.20 6.50 7.20
34 -10.00 -2.90 -3.50
35 1.80 2.70 -2.90
36 0.50 0.80 -3.60
37 -3.80 -2.20 -1.50
38 -10.50 5.30 -15.50
39 -2.60 -5.40 -0.40
40 0.20 -0.30 -5.40
41 -15.20 -3.50 -9.20
42 7.60 12.90 0.30
43 -0.30 2.30 -2.50
44 1.30 4.70 -2.60
45 1.40 4.50 -2.70
46 -0.70 2.60 -7.00
47 10.20 11.20 -7.80
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1.525-1.833 obtained in this study is within the reported ratio of  
1.5 + 0.6 - 2.0 + 0.02 [7, 14, 17]. Nevertheless, after angiography 
showed a significantly lower percentage of  CD8 cells (cytotoxic 
T-cells) and a higher percentage of  CD4 cells (helper T-cells) on 
day 1 the after angiography in our patients (p=0.000 to 0.001). 
This result suggest that the patients had temporary immune 
depression after angiography. At the same time, angiographic 
processing causes an increase in patient's cellular immunity and 
may possibly cause damage to the vascular endothelium of  
patients and increase the release of  some inflammatory mediators. 
In a recent study, CD4% T lymphocytes level was a statistically 
significant lower among exposed group compared to the control 
(p<0.001) [3]. However, the observed variations in some cases 
could not be attributed only to the radiation exposure because 
of  the impact of  a number of  other exogenous and endogenous 
factors on the immune system [5]. Several studies assessed the 
effects of  exposure to IR radiation on indicators of  immune 
function in humans. These studies indicate that low dose IR from 
natural sources or occupational exposure (Wall et al. 2006) [18] 
may stimulate the immune system and potentiate its effect or 
function [10]. It has also been reported that low dose radiation 
warns of  immunity [9].

It has been reported that subgroups of  T-lymphocytes are 
affected at different levels and different cell groups of  immune 
system give different responses in individuals exposed to long-
term ionizing radiation. Which is in contrast to the previous 
study showing levels of  CD4(+) T lymphocytes was found to be 
weaker in exposed workers compared with controls, indicating the 
importance of  taking appropriate measures to protect radiology 
workers from exposure to IR ionizing radiation [4]. Another 
report on individuals occupationally exposed to IR showing 
no change for T-cell and B-cell total counts and for the T cell 

subset percentages of  CD4+, CD8+ [12]. These discrepancies 
might be due to the source and dose of  radiation. Because, the 
interrelationship between ionizing radiation and the immune 
system is multifactorial and highly depends on the radiation dose/
quality and immune cell types [9]. Ethnic and some differences 
are factors that may influence the levels of  lymphocyte subsets [7, 
13, 17]. Environmental factors, and including various infectious 
agents (Comans-Bitter, Dre Groot, van den Beemd, Neijens, Hop, 
Groeneveld et al. 1997 [2]; Al Qouzi, Al Salamah, Al Rasheed, Al 
Musalam, AL Khairy, Kheir et al. 2002) [1] may also influence 
the number and subsets of  lymphocytes. Of  equal importance 
may be the variation introduced by use of  different instruments 
and procedures [7]. In the present study, gender did not affect the 
percentages and absolute values of  lymphocyte subsets. However, 
same studies reported that only CD4 was significantly higher in 
female than in male subjects [8, 16]. In addition, it found higher 
CD8 values for male than female subjects [16]. Santagostino et al., 
(1999) [15] reported significant differences in CD3, CD4 and NK 
according to gender, but not in the ratio of  CD4/CD8.

All these experimental studies in vivo that aimed to assess effects 
of  short-term and prolonged low level exposure to IR on function 
and status of  the immune system, clearly indicates that various 
shifts in number and/or activity of  immunocompetent cells are 
possible. Short-term exposure to weak IR fields may temporarily 
stimulate certain humoral or cellular immune functions, while 
prolonged irradiation inhibits the same functions. Thus, even 
though there are indications that changes are occurring, the 
relevance of  these observations in relation to carcinogenicity is 
unclear. Overall, researchers concluded that there was insufficient 
evidence to determine that alterations in immune function 
induced by exposure to IR affect carcinogenesis in humans.

Table 2. The mean values and differences of  lymphocyte subsets before and after angiographic imaging in the patients.

Average value before 
angiography

Average value after 
angiography Difference P values

CD3 69.17 69.51 0.33 0.732
CD4 41.82 45.06 3.23 0.000
CD8 29.8 27.29 -2.5 0.001

CD4/CD8 1.52 1.83 0.3 0.000

Figure 1. Changes in mean values of  CD3, CD4 and CD8 after and before angiographic imaging.
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Conclusion

Angiography is generally considered as a safe technology with 
clinical impact. It is accepted readily as a powerful noninvasive 
diagnostic tool to investigate the coronary vessels in the body. 
The present date demonstrated that after angiography, the rate of  
CD4 in patients is significantly higher than before angiographic 
imaging, and angiographic processing causes an increase in 
patient's cellular immunity. Further, an increase in the number of  
CD4+ T-cells after angiography suggests that this process may 
possibly cause damage to the vascular endothelium of  patients 
and increase the release of  some inflammatory mediators. At the 
same time, our work may lead to future work in this area with 
inflammatory cytokines. Thus, there is a clear need to evaluate and 
establish biologic approaches for determining low-dose radiation 
effects in patients undergoing diagnostic X-ray procedures. 
Short-term exposure to X-rays is temporarily stimulate cellular 
immune functions. Estimation of  the risk from IR is difficult. 
However, IR can be considered as a ‘two-edged sword’ in that it 
may lead to immune suppression or overreaction, which critically 
contributes to the patient’s prognosis. Thus, even though there 
are indications that changes are occurring, the relevance of  these 
observations in relation to carcinogenicity is unclear. However, 
the results of  the researches may vary, but by identifying patients 
after angiography immune suppression and immune overreaction, 
we can treat patients in a different, sometimes opposite, way to 
regulate the immune function in advance. This research may also 
lead to effective therapeutic strategies eliminating complications 
after angiography.
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