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Abstract. – OBJECTIVE: The purpose of this 
research is to discover a link between cigarette 
smoking and decreased red cell CD47 expres-
sion. 

SUBJECTS AND METHODS: The current 
cross-sectional study included 72 smokers (who 
had smoked 20 cigarettes per day for at least two 
years) and 50 nonsmokers, as well as nonsmokers 
who had not been exposed to smokers on a reg-
ular basis and chose to participate as controls. 
Due to exclusion criteria, 11 participants were re-
moved from the study; they had various genetic, 
immune, and metabolic disorders, leaving only 
61 healthy people in the study. A flow cytometer 
was used to examine CD47.

RESULTS: There was a strong correlation be-
tween smoking and a decrease in CD47 markers 
in all types of smokers in the control samples 
(p-value = 0.000), as well as among cigarette 
smokers only (p-value = 0.000), cigarette and 
Shisha smokers (p-value = 0.024), and cigarette 
and e-cigarette smokers (p-value = 0.014). Fur-
thermore, there is a strong correlation between 
the appearance of the CD47 marker in healthy 
smokers and smokers with non-hereditary blood 
diseases like iron deficiency anemia and polycy-
themia. 

CONCLUSIONS: It can be concluded that 
smoking significantly reduces the expression of 
the CD47 marker.  
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Introduction

Despite considerable epidemiological evidence 
connecting cigarette smoking to modifications in 
the red blood cell (RBC) structural system, the 
mechanisms causing abnormalities in red blood 

cell membrane components remain unknown. 
Since membrane constituents are thought to be a 
critical first step in RBC pathogenesis, it is reaso-
nable to believe that cigarette smoke or some of 
its constituents could harm red blood cells (eryp-
tosis) by down-regulating CD47. Phosphatidyl-
serine (PS) exposure, like that of apoptotic cells, 
recognizes eryptotic RBCs and increases pha-
gocytosis and clearance of these cells1-3. Surpri-
singly, a number of well-known apoptotic events 
raise PS levels in RBC4.

CD47 is associated with various membrane pro-
teins in mature red blood cells (RBCs), forming 
links with both cytoskeletal and non-cytoskeletal 
cellular organelles5. CD47 is critical in hindering 
RBC phagocytosis by binding to the signal regula-
tory protein (SIRP) on macrophages, which inhi-
bits the phagocytosis of both non-opsonized and 
IgG or complement-opsonized RBCs6,7. It is thou-
ght that a decrease in cell surface CD47 expres-
sion throughout RBC aging in vivo encourages 
the removal of senescent RBCs8. Moreover, it has 
been reported9 that micro particle release during 
RBC storage favors CD47 damage during RBC 
storage for transfusion. CD47 also mediates the 
interaction of fibrinogen with the RBC membra-
ne10, which may contribute to RBC hyperaggre-
gation and altered hemorheology in inflammatory 
disorders11,12. CD47 promotes cell-cell contacts 
with SIRP-expressing splenic macrophages on 
adult RBCs lacking integrins. This link is thou-
ght to obstruct a phosphorylation pathway that re-
stricts phagocytosis and RBC clearance from the 
bloodstream13. It is still unknown how cigarette 
smoking causes abnormalities in RBC membrane 
proteins because membrane components are con-
sidered a critical step in red cell eryptosis. The 
goal of this study is to find a link between ciga-
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rette smoking and the downregulation of red cell 
CD47 expression as an eryptosis marker.

Subjects and Methods

The current cross-sectional study, which was 
guided by a questionnaire, included 72 smokers 
(who had smoked 20 cigarettes per day for at least 
two years) and 50 nonsmokers, as well as non-
smokers who had not been exposed to smokers 
on a regular basis and who chose to participate as 
controls. Participants will be healthy people aged 
15 to 65 with no history of cardiovascular, endo-
crine, red blood cell genetic disorders, or immune 
problems. The subjects were also not given any 
drugs or nutritional supplements, nor have they 
been on any special diets. 11 participants were re-
moved from the study due to exclusion criteria; 
they had various genetic, immune, and metabolic 
disorders, leaving only 61 healthy people in the 
study. CD47 was analyzed by flow cytometry. 

Methodology
After obtaining informed consent, 61 healthy 

donors and 50 healthy controls had their venous 
blood drawn. Centrifugation at 270 g for 15 mi-
nutes separated erythrocytes from fresh hepa-
rinized whole blood. After removing the plate-
let-rich plasma and mononuclear cells from the 
peripheral blood, the erythrocytes were washed 
twice with saline-adenine-glucose-mannitol (150 
mM NaCl, 1.25 mM adenine, 50 mM glucose, 
and 29 mM mannitol; Fresenius) and re-suspen-

ded in saline-adenine-glucose-mannitol. Advia 
2120 was used to determine the final cell concen-
tration (Siemens Medical Solutions Diagnostics, 
Erlangen, Germany). 50 liters of washed red cells 
and 50 liters of mouse anti-human CD47 (clone 
2D3)-FITC were mixed together and incubated in 
a 37°C water bath for 30 minutes. To eliminate 
unbound anti-CD47, the tubes were fully washed 
with phosphate-buffered saline (PBS). Flow cyto-
metry was then used to examine red cells and an-
ti-CD47 binding (Thermo Fisher Scientific, Wal-
tham, MA, USA).

Statistical Analysis
SPSS software version 21 (IBM Corp., Ar-

monk, NY, USA) was used for data analysis. To 
tabulate and describe the data, descriptive statisti-
cs (frequency, proportion estimation, and mean) 
were used based on the nature of the variables. To 
determine the mean difference in CD47 among 
smokers, inferential statistics such as the inde-
pendent sample t-test were used. The statistical 
significance level was set at p < 0.05. 

Results 

Table I describes the study’s health status. 
Participants with genetic, immune, or metabolic 
disorders were excluded from the study, while 
participants with other blood diseases were in-
cluded. Table II depicts the distribution of the 
socio-demographic data of the study, where the 
study included the type of occupation for the stu-

Table I. Participants with genetic blood, immune, and metabolism disorders were excluded from the study; participants with 
other blood diseases were included (n = 72).

 Count %

Genetic Blood Disorders
- No 70 97.2
- Yes 2 2.8

Genetics and Immune Disorders  
- No 71 98.6
- Yes 1 1.4

Metabolism  
- No 64 88.9
- Yes 8 11.1

Blood diseases  
- Iron deficiency anemia 6 9.8
- Polycythemia 4 6.6
- Healthy 51 83.6
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garette smokers only (p-value = 0.000), cigarette 
and Shisha smokers (p-value = 0.024), and ciga-
rette and e-cigarette smokers (p-value = 0.014), 
where we noticed a strong correlation between 
smoking and a decrease in CD47 markers in all 

Table II. Socio-demographic characteristics of the study 
participants (n = 61).

Variables Count %

Occupation  
- Students 18 29.5
- Employees 36 59.0
- Unemployed 7 11.5

Education level  
- High school 5 8.2
- University 45 73.8
- Postgraduate 11 18.0

Age group  
- 15-26 years 24 39.3
- 27-35 years 24 39.3
- 36-45 years 10 16.4
- 46-55 years 2 3.3
- 56-65 years 1 1.6

Marital status  
- Single 39 63.9
- Married 21 34.4
- Divorce 1 1.6

Gender  
- Male 59 96.7
- Female 2 3.3

dy’s participants, where employees constituted 
the highest category in the study (59%), and the 
academic level, where the proportion of univer-
sity graduates constituted the highest percentage 
among the participants, 73.8%. In terms of the age 
groups that took part in the study, we discovered 
that the 15-26-year and 27-35-year age groups had 
the highest percentage (39.3%). The unmarried 
group had the highest participation rate (63.9%) 
in the study. The majority of participants in the 
study were men, accounting for 96.7% of the to-
tal. Table III shows the different types of smoking 
among study participants, with cigarettes accoun-
ting for 68.9%, cigarettes and Shisha accounting 
for 14.8%, and cigarettes and electronic cigarettes 
accounting for about 16.4%. The vast majority 
of respondents (95.1%) smoked 1-20 cigarettes 
per day. We found that those who smoke shisha 
once a week with a regular cigarette made up 
the largest group (18%). We observed the largest 
group (11.5%) to be those who smoke electronic 
cigarettes more than once a day in addition to 
smoking regular cigarettes. Figure 1 depicts the 
flow cytometer result, which depicts the CD47 
marker, which appears in various smoking pat-
terns such as smoking cigarettes, cigarettes, and 
Shisha, cigarettes, and electronic cigarettes, as 
well as the clarity of the CD47 marker in control 
samples compared to test samples. Figure 2 repre-
sents the correlation between the CD47 marker in 
red blood cells in control samples and all types of 
smokers (p-value = 0.000), as well as among ci-

A
B

Figure 1. A, demonstrates the CD47 marker in all types of smokers. B, illustrates CD47 I test and control samples.
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types of smokers. Figures 3 and 4 demonstrate 
the strong relationship between the appearance of 
the CD47 marker in healthy smokers and smokers 
with non-hereditary blood diseases such as iron 
deficiency anemia and polycythemia.

Discussion

Human RBCs bind to the signal regulatory 
protein alpha (SIRP) on macrophages via the 
CD47 (integrin-associated protein) receptor. This 

interaction sends a “don’t engulf me” signal, pre-
venting these RBCs from being phagocytized and 
remaining in blood circulation14. To remove any 
interference from genetic problems, participan-
ts with genetic, immune, or metabolic disorders 
were excluded from this study, while participants 
with other blood diseases such as iron deficien-
cy anemia and thalassemia were included. Many 
diseases, such as sickle cell anemia, cause eryp-
tosis. Red cells may exhibit increased binding of 
the conformation-dependent CD47 antibodies 2D3 
and thrombospondin-1 (TSP-1). This helps explain 

Table III. Percentages of the behavior, type, and number of smokers (n = 61).

Variables No  % Average of CD47 mean ± SD

Smoking behavior   
- Regular smokers 61 100 7476.7 ± 3110.0
- Types smoking   7895.0 ± 3827.0
- Cigarettes 42 68.9 2201.1 ± 1411.5
- Cigarettes and Shisha 9 14.8 
- Cigarettes and e-cigarettes 10 16.4 6149.1 ± 3475.2

How many cigarettes do you smoke per day?   4610.0 ± 5014.4
- 1- 20 cigarettes 58 95.1 7476.7 ± 3110.0
- 21-40 cigarettes 3 4.9 7895.0 ± 3827.0

How many times do you smoke shisha with regular cigarettes?   
- One time per day 3 4.9 1574.7 ± 646.4
- More than one time per day 1 1.6 765.0 ± 0.0
- Once a week 11 18.0 3372.7 ± 1906.6
- I smoke conventional cigarettes only 46 75.4 7128.0 ± 3293.0

How many times do you smoke e-cigarettes with regular cigarettes?   
- One time per day 2 3.3 5779.0 ± 2657.3
- More than one time per day 7 11.5 1430.3 ± 546.9
- Once a week 3 4.9 2202.7 ± 975.0
- I’m don’t smoke e-cigarettes 49 80.3 6985.7 ± 3220.6

Figure 2. Association between cigarette smoking and the appearance of cell death receptors in red blood cells (CD 47).
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the increased uptake of sickle erythrocytes in the 
spleen15.

The vast majority of respondents (95.1%) smoked 
1-20 cigarettes per day. The largest group (18%) was 
found to be those who smoke Shisha with a regular 
cigarette once a week. We discovered that the largest 
group, 11.5%, smokes electronic cigarettes in addition 
to regular cigarettes more than once per day. Smoke 
from cigarettes includes nearly 5,000 chemicals, 

among them carbon monoxide (CO) and tar. Many 
of these ingredients are toxic to the human body. CO 
diffuses quickly and strongly binds to hemoglobin 
(Hb) in alveolar capillaries (with a binding ability 
200-250 times greater than that of O2), resulting in 
tissue hypoxia due to the formation of carboxyhemo-
globin (HbCO) and elevated levels of Hb and RBCs16. 

It was first established that red blood cell life-
span is dependent on an adequate oxidative stress 

Figure 3. The association between cigarette smoking and the appearance of CD47 receptors in red blood cells among control 
smokers, healthy smokers, and smokers with blood diseases (iron deficiency anemia and polycythemia).

Figure 4. Comparison of CD47 marker appearance in healthy and non-healthy smokers, who suffer from iron deficiency 
anemia and polycythemia.
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response induced by human diseases. The structure 
of protein-protein interaction networks in the RBC 
interaction confirmed that erythrocytes suffer 
from excessive oxidative stress and are constantly 
trying to repair damage to the cell, involving diffe-
rent pathways linked to protein repair, vesiculation, 
and apoptosis. Although it is still an active research 
topic, accumulating evidence suggests that oxida-
tive stress plays an important role in RBC aging 
signaling. Aside from its effect on the formation 
of Band 3-derived neo-antigens and the activation 
of pro-apoptotic components, oxidative stress also 
has an effect on Hb and its interactions with mem-
brane constituents8. Notably, red blood cell oxida-
tion induced the conformational change in CD47 
needed for TSP-1 binding, implying that oxidative 
damage may be a factor in the generation of this 
“engulf me” signal on red cells.

In the current study, there was a significant 
correlation between the CD47 marker in red blo-
od cells in control samples and smoker samples in 
general, as well as among cigarette smokers only, 
cigarette and Shisha smokers, and cigarette and 
e-cigarette smokers, where we noticed a strong 
downregulation in the red blood cell CD47 mar-
ker in all different categories of smokers in com-
parison with control. Importantly, the oxidation of 
erythrocytes induced the conformational change 
in CD47 that was required for TSP-1 binding. We 
found evidence that CD47 undergoes a conforma-
tional change in response to oxidative stress during 
smoking. Because of this conformational change, 
CD47 is recognized as an “engulf me” signal by 
SIRP α after the binding of thrombospondin-1. 
This mechanism was used to phagocytize RBCs 
in vivo by primary human red pulp phagocytes, 
indicating that it is active in vivo17,18. 

In diseases such as sickle cell anemia, thalasse-
mia, and glucose-6-phosphate dehydrogenase de-
ficiency, susceptibility to eryptosis is enhanced. 
Increased phosphatidylserine exposure promotes 
RBC adhesion to endothelial cells19. In this stu-
dy, however, smokers with non-hereditary blo-
od diseases such as iron deficiency anemia and 
polycythemia had significantly lower levels of the 
CD47 marker than healthy non-smokers.

Conclusions

The data presented in this study showed signifi-
cant down regulation in all categories of smokers 
due to oxidative stress that may be elevated in 
smoking, leading to early eryptosis and red cell 

clearance by spleen macrophages. To define the 
exact mechanisms of oxidative stress in smoking 
that decrease the expression of red cell CD47 
and its association with eryptosis, an advanced, 
sophisticated approach would be used.
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