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Abstract 

Background: β-thalassaemia (β-Thal) is an inherited chronic haemolytic anae-
mia resulting from absent or low level of synthesis of β-globin chains of hae-
moglobin A in erythropoietic cells. The complement system is an important 
part of innate immune response that may be implicated in red blood cell 
(RBC) lysis. Mammalian cells are provided with surface bound complement 
regulatory proteins (MCRPs) that regulate the activation of complement cas-
cade, thus protecting them from uncontrolled complement-mediated lysis. 
Objective is to evaluate the role of complement regulatory proteins (CD55, 
CD59, and CD35) on red blood cells, and to explain the pathogenesis of 
anaemia in β-thalassemia major. Methods: This case-control study enrolled 
74 β thalassemia major patients who were compared with 40 age and sex 
matched controls. We performed expression of CD55, CD59, and CD35 on 
RBCs using flow cytometry. Results: CD55 levels of β-thalassemia major pa-
tients (79.78% ± 18.54%) were significantly decreased compared to healthy 
controls (99.45% ± 0.59%) (P < 0.001). CD59 levels of β-thalassemia major 
patients (97.76% ± 1.72%) were significantly lower than in the controls (99.75% 
± 0.36%) (P < 0.001), also CD35 levels were significantly lower in the β-tha- 
lassemia major patients (4.30% ± 4.66%) than in the control group (19.40% ± 
10.90%) (P < 0.001). Conclusion: β-thalassemia major patients suffer from 
increased haemolysis and a consequent increase in their demand for blood 
transfusion. Complement-mediated haemolysis was shown in our study by 
decreased expression of CD55, CD59, and CD35 in β-thalassemia major pa-
tients. This allows complement deposition on RBCs and enhances or accele-
rates their lysis. 
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1. Introduction 

β-thalassemia is one of the genetic diseases which can be broadly defined as a 
syndrome of inherited hemoglobin disorders characterized by a quantitative de-
ficiency of functional β-globin chains. The defects involved are extremely hete-
rogeneous and give rise to a large phenotypic spectrum, starting with patients 
that are almost asymptomatic to others in which regular blood transfusions are 
required to sustain life [1]. As a result of the inefficient synthesis of β-globin, the 
patients suffer from chronic anemia due to a process called ineffective erythro-
poiesis (IE) [2]. 

β-thalassaemia (β-Thal) is considered a severe, progressive haemolytic anae-
mia, which needs regular blood transfusions for life expectancy [3]. Comple-
ment-mediated erythrocyte destruction can cause both intravascular and extra-
vascular haemolysis. Complement regulatory proteins protect cells from such 
effects of the complement system [4]. 

The complement system is an evolutionarily primordial component of the in-
nate immune response that functions through a series of over 30 coordinated 
cascading proteins and zymogens to protect the body from invading pathogens 
[5]. 

The proteins of the complement system can be found both in the plasma and 
as inactive precursors on the surface of cells within the body, and when activated 
by foreign pathogens lead to opsonization and eventual lysis of foreign cells. 
Though complement is an essential part of the immune response against micro-
bes, the complement system also plays crucial roles in maintaining homeostasis 
through such mechanisms as the removal of apoptotic cells, the regulation of 
coagulation, angiogenesis, and lipid metabolism and, importantly, the surveil-
lance of neoplastic cells [6]. 

Furthermore, as in all cases of homeostasis, just as the complement pathway 
can be activated, it too must be kept under the tight control of negative regula-
tors so as to prevent excessive damage to self-tissues. Membrane-bound Com-
plement Regulatory Proteins (mCRPs) is one such factor that exerts tight regu-
latory functions on the complement system thus protecting the body from the 
deleterious effects of overactive complement [7]. 

Decay accelerating factor (DAF, CD55) is a membrane-bound regulatory pro-
tein that downregulates the complement cascade at the critical step of C3 activa-
tion. It accelerates the decay of C3 and C5 convertases and thus prevents ampli-
fication of the complement cascade and formation of the membrane attack com-
plex (MAC) [8]. CD59, a membrane-bound complement regulatory protein, in-
hibits the polymerization of C9 and it’s binding to C5b-8 through competitive 
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inhibition of an epitope on C8, resulting in inhibition of MAC assembly and cell 
lysis [9]. Another membrane-bound protein CD35 (Complement receptor 1) 
plays an important role in the removal of immune complexes and pathogens 
coated with C3b and C4b. It functions as a cofactor for the cleavage of C3b into 
iC3b. Additionally, CD35 binds to C4b and promotes the degradation of C4b 
into C4c and C4d [10]. Decreases in complement regulatory protein (CrP) levels 
may predispose RBCs to destruction by complement activation. So, complement 
regulatory proteins are absolutely required to protect RBC from spontaneous 
complement damage that contributes to the development of anaemia [11]. 

2. Material and Methods 

Subjects 
This study was conducted on 114 subjects at Al Zahraa University Hospital. 

Patients were selected from the outpatient clinic of Internal Medicine at Ain 
Shams University Hospitals in the period from 1/5/2018 to 29/1/2019. Subjects 
were divided as follows: 

Patients group: 74 β-thalassemia major patients (2 - 53 years old) 29 were 
males and 45 were females. 

Control group: They were 40 age and sex matched healthy subjects as a con-
trol group (3 monthes-66 years old) 17 were males and 23 were females. 

Exclusion criteria include: 
Recently splenectomized patients (within the past 6 months). 
Presence of comorbidities (inflammation, infection & chronic diseases) at time 

of sampling. 
Presence of other hereditary diseases. 
Inheritance of other Hb disorders. 
Pregnant or lactating females. 
Non Egyptians and those of foreign ancestory. 
Ethical consideration: 
The study takes into consideration the basic principle of biomedical ethics for 

participant patients. Free and voluntary written informed concent was obtained 
from patients or their mothers. Gardians were informed about their absolute 
rights to be involved or, to withdraw at any time of the study. Personal privacy 
and confidentiality of the corrected data was secured. 

Methods 
The following was performed for all subjects: 
Clinical assessment: (full family history and thorough clinical examination) 

and calculation of body mass index (BMI) according to the following equation; 
BMI = weight in (Kg)/height in (m2). 

Laboratory tests: 
Complete blood picture using the Beckman Coulter HmX hematology analys-

er, Manual Reticulocytic count and ESR. 
Liver function tests (ALT, AST, total and direct bilirubin, γGT, alkaline phos-

phatase) and Kidney function tests (BUN, creatinine) using Unicel DXC 600 
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“Synchron clinical system”. 
Hb electrophoresis using electrophoresis tank HL 77704, scanning densito-

meter Helena process 24 (Helena laboratories, Beaumont and Texas). 
Iron profile (serum iron, TIBC, serum ferritin) using Unicel DXC 600 “Syn-

chron clinical system” & Access 2 “immunoassay system”. 
Expression of CD55, CD59, and CD35 on RBCs (or erythrocytes) was per-

formed using four colors flow cytometry FACS Calibur (BD Biosciences, San 
Jose, USA) using system software Cell Quest Pro. 

Sample Collection 
For each case, 7 mL of whole venous blood were withdrawn under complete 

aseptic conditions. 2 mL of which were collected on ethylene diamine tetra-acetic 
acid (EDTA) as an anticoagulant, to be used for performing CBC, preparation of 
Leishman stained peripheral blood (PB) smears and reticulocytic count and oth-
er 2 ml on EDTA for flow cytometric immunophenotyping (IPT). The sample 
was then stored at 4˚C (for not more than one week) to perform Hb electropho-
resis. 

The other 3 mL of venous blood were collected into a sterile dry vacutainer 
and was left to clot for 30 minutes in the vacutainer. Serum was then separated 
by centrifugation at 500 g for 15 minutes for measuring liver and kidney func-
tion tests, iron profile assays (serum iron, TIBC and serum ferritin). 

Flow Cytometric Analysis of CD55, CD59, and CD35 on the Cell Membrane 
of Red Blood Cells (RBC).  

Monoclonal antibodies used: 
Fluorescein isothioocyanate (FITC)-conjugated anti-human CD35 and CD59 

(Lot No. 30, 40 respectively). 
Phycoerythrin (PE)-conjugated anti-human CD55 (Lot No.40). 
All monoclonal antibodies were obtained from Immunotech, Bechman, Mar-

seille, France. 
The optimal concenteration of each antibody was determined by the experi-

ment. 
Staining the cells: for each patient sample, two tubes were labelled with the 

sample identification number. 
The blood sample was diluted with phosphate-buffered saline (PBS) to achieve 

10,000 RBC/μl concentration. Then 100 μl of diluted blood was transferred to 
each one of the labeled tubes. 

10 µl of each monoclonal Ab against CD55 (PE Mouse Anti-Human), CD59 
(FITC Mouse Anti-Human), and CD35 (FITC Mouse Anti-Human) was placed 
into one of the labeled tube, vortexed thoroughly at low speeds for 3 seconds and 
incubated for 30 minutes in the dark at room temperature (20˚C to 25˚C). 

10 µl of the isotype matched control was added to the control tube. 
2 ml PBS were added two times, vortexed thoroughly at low speed for 3 

seconds. Then centrifuged at 200 ×g for 5 minutes at room temperature (20˚C to 
25˚C). 
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The supernatant was aspirated leaving approximately 50 µl of residual fluid in 
each tube to avoid disturbing the pellet. 

200 µl of PBS was added to each tube to resuspend the cell pellet and vortexed 
for 5 seconds. Analysis was performed within 2 hours following immunostaining 
in a four colors flow cytometer (FACS Calibur, Becton-Dickinson). 

Statistical Analysis 
Data were coded and entered using the statistical package for the Social 

Sciences (SPSS) version 26 (IBM Corp., Armonk, NY, USA). 
Descriptive Statistics 
Data was summarized using mean, standard deviation, median, minimum and 

maximum in quantitative data and using frequency (count) and relative fre-
quency (percentage) for categorical data. 

Mean x n= ∑  

where ∑ = sum and n = number 
Standard deviation: 
Formula 

( )2

1
X x

s
n
−

=
−

∑  

Explanation 
s = sample standard deviation 
∑ = sum of… 
X = each value 
x  = sample mean 
n = number of values in the sample 
Analytical Statistics 
Mann Whitney Test (U test): was used to compare two study groups with 

quantitative but non-parametric variables.  
Chi-Square test (c2): was used to compare categorical data. Exact test was used 

instead when the expected frequency is less than 5. 
Spearman correlation coefficients: were used to assess the correlation between 

two quantitative parameters in the same group. 
The probability of being by chance (P-value): It was calculated for all parame-

ters and less than 0.05 was considered as statistically significant. 
The P value was considered significant as the following: 
P ≥ 0.05: Non significant. 
P < 0.05: Significant. 
P ≤ 0.001: Highly significant. 

3. Results 

The patients had been previously diagnosed by clinical and laboratory examina-
tions including Hb electrophoresis and complete blood count. The haematolog-
ical parameters of the patients and controls are summarised in Table 1. The  
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Table 1. Comparison between patients group versus control group as regards CBC parameters and Retics. 

 

Cases 
(n = 74) 

Controls 
(n = 40) P value 

Mean ± SD Median Range Mean ± SD Median Range 

WBCs (/mm3) 17.40 ± 19.15 10.20 1.80 - 36.80 8.12 ± 2.68 7.25 4.90 - 18.10 0.011* 

RBCs (/mm3) 3.32 ± 0.66 3.26 1.51 - 5.63 4.54 ± 0.52 4.51 3.30 - 5.50 <0.001* 

Hb (g/dL) 8.06 ± 1.37 8.10 3.79 - 11.80 12.88 ± 0.99 12.75 11.50 - 16.00 <0.001* 

HCT (%) 24.32 ± 4.47 24.90 8.51 - 35.10 36.49 ± 3.57 36.05 30.00 - 46.90 <0.001* 

MCV (Fl) 73.97 ± 8.45 75.35 56.30 - 89.20 80.19 ± 5.89 80.40 58.40 - 89.60 <0.001* 

MCH (pg) 24.66 ± 3.25 25.35 16.30 - 30.20 27.73 ± 2.28 28.00 21.20 - 32.80 <0.001* 

MCHC (g/dL) 33.41 ± 3.14 33.15 24.90 - 44.50 34.24 ± 1.70 34.50 26.90 - 37.40 0.005* 

RDW (%) 31.84 ± 83.72 20.15 12.10 - 38.40 13.79 ± 1.57 13.65 11.80 - 20.50 <0.001* 

Platelets (×103/uL) 571.66 ± 358.39 515.00 62.40 - 1744.00 287.02 ± 79.72 269.50 150.00 - 471.00 <0.001* 

Retics (%) 7.76 ± 1.55 7.80 5.00 - 10.00 0.84 ± 0.38 0.80 0.20 - 1.80 <0.001* 

*Highly significant as P value < 0.001. *Significant as P value < 0.05. *Non significant as P value > 0.05. 
 
levels of CD55, CD59, and CD35 expressions on peripheral blood erythrocytes 
by flow cytometric analysis were compared between two groups, β-thalassemia 
major patients, and control groups, as shown in Table 2. The overall (mean ± 
SD) percentage of CD55-positive RBCs of β-thalassemia major patients was sig-
nificantly lower (79.78 ± 18.54%) than healthy controls (99.45 ± 0.59%) (p < 
0.001). The overall mean percentages of CD59-positive RBCs of β-thalassemia 
major patients (97.76 ± 1.72%) was significantly lower than controls (99.75 ± 
0.36%) (p < 0.001). The overall mean percentage of CD35-positive RBCs of 
β-thalassemia major patients was significantly lower (4.30 ± 4.66%) than healthy 
controls (19.40 ± 10.90%) (p < 0.001). Figure 1 represents scattering of RBCs 
stained with anti-CD55 PE, anti-CD59 FITC, and anti-CD35 FITC in healthy 
controls. Figure 2 represents scattering of RBCs stained with anti-CD55 PE, an-
ti-CD59 FITC, and anti-CD35 FITC in β-thalassemia major patients.  

In our study, there is highly significant positive correlation of CD59% on 
RBCs with MCV (rs = 0.393, P = 0.001), significant negative correlation of 
CD55% on RBCs with MCV (rs = −0.286, P < 0.05), and no significant correla-
tion of CD35% on RBCs with MCV (rs = 0.047, P > 0.05). Also, there is signifi-
cant negative correlation of CD55% on RBCs with Reticulocytic count (rs = 
−0.267, P < 0.05). 

In our study, there is significant positive correlation of CD55% on RBCs with 
RBC count (rs = 0.321, P < 0.05). Also, there is highly significant positive corre-
lation of CD35% on RBCs with WBC count (rs = 0.416, P < 0.001). In addition, 
there is significant higher values of platelets among patients compared to con-
trols (P > 0.001). 
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Table 2. Comparison between patients group versus control group as regards CD55%, CD59%, and CD35% 

 

Cases 
(n = 74) 

Controls 
(n = 40) P value 

Mean ± SD Median Range Mean ± SD Median Range 

%CD55 RBCs 79.78 ± 18.54 84.35 0.05 - 98.20 99.45 ± 0.59 99.60 97.30 - 100.00 <0.001* 

%CD59 RBCs 97.76 ± 1.72 98.07 90.33 - 99.79 99.75 ± 0.36 99.90 98.40 - 100.00 <0.001* 

% CD35 RBCs 4.30 ± 4.66 2.92 0.10 - 26.38 19.40 ± 10.90 17.90 5.40 - 49.60 <0.001* 

*Highly significant as P value < 0.001. *Significant as P value < 0.05. *Non significant as P value > 0.05. 
 

 
Figure 1. Dot plot results of erythrocytes analyzed by flow cytometry. Red blood cells 
were gated on the basis of their forward and side scatter. Dot plot showed CD35 PE, 
CD59 FITC and CD55 PE expression on the gated RBCs of healthy controls. 
 

Also, in our study, there is highly significant positive correlation of CD55% (rs 
= 0.573, P < 0.001) and CD35% (rs = 0.575, P < 0.001) on RBCs with age, but 
there is there is no significant correlation of CD59% on RBCs with age (rs = 
0.048, P > 0.05). In addition, there is no significant correlation (P > 0.05) of 
CD55%, CD59%, and CD35% on RBCs with urea, creatinine, LDH, bilirubin, 
ferritin, and CRP. There is no significant difference (P > 0.05) between patients 
and control groups as regards age and sex. 
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Figure 2. Dot plot results of erythrocytes analyzed by flow cytometry. Red blood cells 
were gated on the basis of their forward and side scatter. Dot plot showed CD35 PE, 
CD59 FITC and CD55 PE expression on the gated RBCs of β-TM patients. 

4. Discussion 

The thalassemias are a group of inherited disorders that are caused by altered or 
absent hemoglobin chain synthesis leading to ineffective erythropoiesis and 
subsequent anemia. It is the most common genetic disorder worldwide and oc-
curs in approximately 4.4 of every 10,000 live births. Three main clinical forms 
have been described: thalassemia major, thalassemia intermedia and thalassemia 
minor [12]. 

Beta thalassemia major is a congenital hemolytic anemia caused by defects in 
beta globin chain synthesis. The α-globin chain that is produced in excess is re-
sponsible for the ineffective erythropoiesis and shortened red blood cell survival. 

https://doi.org/10.4236/ojbd.2021.114010


H. H. Mahmoud et al. 
 

 

DOI: 10.4236/ojbd.2021.114010 97 Open Journal of Blood Diseases 
 

In the absence of their partners, the unstable free α-globin chains are not able to 
form viable tetramers and instead precipitate in the red cell precursors in the 
bone marrow, giving rise to intracellular inclusions which interfere with red cell 
maturation resulting in variable degrees of intramedullary destruction of red cell 
precursors. Blood transfusion is the mainstay of the care of individuals with tha-
lassemia major [2]. 

Chronic blood transfusions for patients with severe β-TM leads to iron over-
load which is a major source of morbidity and mortality in both transfusion- 
dependent and non-dependent thalassaemia patients necessitating iron chelation 
therapy. Three approved iron chelation agents are available currently: deferox-
amine, deferiprone and deferasirox, with the approval and availability of these 
agents largely country specific [13]. Haemolysis is a common feature in patients 
with β-TM. Ineffective erythropoiesis and haemolysis leads to the conspicuous 
anaemia seen in the β-TM, which can be corrected with repeated blood transfu-
sions [14]. 

In β-Thal, RBC destruction is related mainly to the changes occurring in the 
cell membrane, which can activate the complement deposition on RBCs. In ad-
dition, elicited auto-antibodies against the red cell membrane will sensitise RBCs 
and make them ready to be lysed via the reticuloendothelial system. Comple-
ment activation on the RBCs causes cell lysis, but these cells have regulator pro-
teins that prevent lysis [15]. 

Formation of autoantibodies against RBCs, in association with RBCs alloim-
munization, has been documented in previous studies. Autoantibodies are di-
rected against the individual’s own RBCs which can result in clinical hemolysis 
and difficulty in the crossmatching procedure. Patients with autoantibodies may 
have a higher transfusion rate and often require immunosuppressive drugs, 
splenectomy or alternative treatments [13]. 

β-TM patients require frequent blood transfusions to live. Blood transfusion 
causes the transmission of autoantibodies of the donor to the recipient. Com-
plement cascade is activated via autoantibodies in transfusion-dependent β-TM 
patients. Particularly functions of CD35 include control of complement activa-
tion and the clearance of immune complexes [16]. 

Normal cell membranes express CrPs that regulate activation of the comple-
ment system and provide essential protection against self-damage. Many studies 
show that CrPs may play an important role in protecting RBC from destruction 
through the activation of complement. A number of haemolytic disorders are 
caused by mutations and/or autoantibodies that inactivate CrPs and mutations 
that directly activate the complement cascade [17]. 

Haemolysis and related complications play a very important role in β-TM pa-
tients, but studies about cascade system aiming to understand the aetiopathoge-
nesis of the haemolysis are fewer in number. Most of the present studies are re-
lated to CD55 and CD59 levels, but there are not enough data about CD35 levels 
in β-thalassemia patients, so we think that our study draws attention to the role 
of the complement system in the aetiopathogenesis of β-thalassaemia major due 
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to the low level of expression of CD35 detected in our study. 
In this study, we measured CD35 levels as well as CD55 and CD59 levels in 

β-thalassaemia major patients. We found a high significant difference between 
studied groups as regards CD55%, CD59%, and CD35% on RBCs with signifi-
cantly decreased expression of CD55%, CD59%, and CD35% on RBCs were 
found among patients compared to controls. 

In line with our findings, Obaid et al., Kurtoǧllu et al., and Zahran et al. found 
that expression of CD55 levels of β-thalassaemia patients were significantly de-
creased compared to healthy controls. On the other hand, they found there was 
no significant difference in the percentage of CD59 marker expression between 
β-thalassaemia patients and healthy controls [11] [18] [19]. 

Obaid et al. suggested that the mechanism responsible for low CD55 expres-
sion could be genetic. It may be related to defective Hb genes in thalassemia, but 
it does not relate to cell membrane changes [18]. CD55 prevents C3 and C5 ac-
tivation through all complement pathways by inhibiting formation and accele-
rating decay of C3/C5 convertases of both the classical and alternative pathways 
[20]. 

Obaid et al. also found that compensation of CD55 underexpression to mi-
nimize the hemolysis occurring in β-thal patients occurred when an increase in 
the mean fluorescence intensity (MFI) of both the receptor CD55, on the posi-
tive cells, and another complement inhibitor receptor CD59 [21]. 

The two red cell surface complement regulators, CD55 and CD59, are GPI 
(glycosylphosphatidylinositol)-linked proteins. Somatic mutation in phosphati-
dylinositol glycan class A (PIG-A) gene causes a deficiency of glycosylphospha-
tidylinositol (GPI), a glycolipid that anchors these proteins onto the cell mem-
brane. Lack of GPI causes loss of CD55 and CD59, leading to excessive destruc-
tion of red cells in PNH [22]. 

This could explain why in our study the CD55 and CD59 expression on the 
RBCs of β-thalassemia major patients was diminished to below that of the 
healthy controls, with a statistical significance. In other studies CD59 expression 
was not affected. So other studies indicate that the affected cells have normal 
GPI-anchored type 1 surface proteins, and consequently they are not PNH 
clones, but our study does not support that, so this point needs further studies to 
clarify it. 

Repeated transfusions for the treatment of thalassaemia major cause an insult 
to the patient’s immune system and provoke post-transfusion purpura and hae-
molytic reactions that can be severe and life threatening. Salama et al. found that 
thalassaemia patients exposed to multiple antigens through repeated blood trans-
fusions showed lower CD59 expression than did those who had received fewer 
transfused units, which is a good method of detecting potential autoantibodies 
[23]. Repeated blood transfusions may also provide an explanation why there is 
low CD59 percentage expression on RBCs of β-thalassemia major patients in our 
study. 
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In line with our findings, Kurtoǧllu et al. found that expression of CD35 levels 
were significantly lower in the β-TM patients and β-TI patients compared to the 
control group [11]. 

The reason for the low level of CD35 may be a genetic defect related to the 
synthesis of the proteins. There are more than 300 gene mutations defined in 
β-Thal patients in the literature. Some of these mutations may alter the synthesis 
of CD35 in the erythrocytes. The mean number of CD35 molecules expressed on 
the RBC surface varies between individuals, typically between 50 and 1500 CD35 
molecules/RBC. Factors determining the variation in RBC CR1 expression are 
not fully understood, but are proposed to be both genetic and acquired [24]. 

The CD35/CR1 for C3b of erythrocytes has already been shown to bind com-
plement-activating bacteria, viruses, and immune complexes, and deliver im-
mune complexes to the fixed macrophages of liver and spleen. CR1 is a receptor 
for both C3b and C4b and plays an important role in the removal of immune 
complexes coated with C3b and C4b [17]. 

The MCV value was found to be significantly lower in both β-TM and β-TI 
patients compared to the healthy population, consistent with the literature. Opi 
et al. found that CD35 levels are low on the surface of erythrocytes in patients 
with α-thalassaemia. Also, it was stated that the low level of CD35 is related to 
the MCV value of these patients [25]. Changes caused by excess α-globin tetra-
mers on erythrocyte membrane may lead to low levels of CD35 and CD55 on the 
erythrocytes. Also, increased vesiculation has been documented in α+ thalas-
saemia RBCs, which might therefore provide a mechanism for CR1 loss. It re-
mains unclear whether microcytic RBC synthesis is due to lower amounts of 
CR1 in β-Thal than normal cells, or whether some CR1 is lost, for example, 
through exocytosis of membrane vesicles during normal RBC ageing, as well as 
by proteolysis [11]. 

On the other hand, in our study, there is significant negative correlation of 
CD55% on RBCs with MCV and no significant correlation of CD35% on RBCs 
with MCV, but there is highly significant positive correlation of CD59% on 
RBCs with MCV. This means that our study does not support that low levels of 
CD55% and CD35% are related to low MCV value in β-thalassemia major pa-
tients. We think that studies concerning the synthesis and destruction of CD55, 
CD59, and CD35 proteins will provide a positive effect on the prognosis of 
β-thalassemia major patients. 

Salama et al. found that CD59 expression showed a negative correlation with 
reticulocytosis in β-thalassaemia major patients. Also, a negative correlation 
between CD59 expression and normoblast count denotes ongoing minimal lysis 
of red cells, which was not apparent clinically. This work suggests that mea-
surement of CD59 expression can be used as a predictor of subclinical comple-
ment-activated haemolysis that is insufficient to produce a positive direct anti-
globulin test [23]. 

On the other hand, in our study, there is no significant correlation of CD59% 
and CD35% on RBCs with Reticulocytic count, but there is significant negative 
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correlation of CD55% on RBCs with Reticulocytic count which could also de-
note ongoing minimal cell lysis. 

Zahran et al. found mild significant positive correlation between CD55 ex-
pression and hemoglobin level in all β-thalassaemia major patients, so this ob-
servations indicate that a decrease in RBCs destruction accompanied by in-
creasing CD55 expression [19]. On the other hand, in our study, there is no sig-
nificant correlation of CD55%, CD59% and CD35% on RBCs with hemoglobin 
level. 

Obaid et al. found negative correlation between decreased CD55 expression 
on RBCs and platelet count. The shedding of CD55 molecule from RBCs may be 
gained by platelets and increase their survival. Thus, platelet count showed ele-
vation [18]. In line with this finding, there is significant higher values of platelets 
among patients compared to controls in our study. 

In our study, there is significant positive correlation of CD55% on RBCs with 
RBC count. This can be explained by the shedding of CD55 molecule from RBCs 
that may decrease their survival and their count.  

Also, in our study, there is highly significant positive correlation of CD35% on 
RBCs with WBC count. This may denote that low level of CD35 may be due to 
gene mutation causing low level of CD35. 

In our study there is highly significant positive correlation of CD55% and 
CD35% on RBCs with age, but there is there is no significant correlation of 
CD59% on RBCs with age. This may be due to a genetic defect related to the 
synthesis of the proteins. 

In our study, there is no significant correlation of CD55%, CD59%, and 
CD35% on RBCs with urea, creatinine, LDH, bilirubin, ferritin, and CRP. There 
is no significant difference between patients and control groups as regards age 
and sex. 

CD55, CD59, and CD35 proteins on the cell surfaces block complement acti-
vation. Loss of these proteins makes the blood cell susceptible to haemolysis. 
There are studies of CD55, CD59, and CD35 levels in diseases having a haemo-
lytic course, such as malaria, paroxysmal nocturnal haemoglobinuria, and au-
toimmune haemocytopaenia [26]. 

Arora et al. found that DAF and CD59 receptor expression on erythrocytes 
from RA patients was significantly lower than on those from normal individuals. 
This indicates abnormality in DAF and CD59 expression in RA patients, and the 
observed decreases could be the likely consequences of the disease process. Cor-
relation between decreased CD59 and DAF in the RA patients was significant. 
Deficiency of DAF on the erythrocyte membrane, as in paroxysmal nocturnal 
haemoglobinuria, leads to unrestricted complement activation and haemolysis. 
It has been previously reported that the expression of the complement receptor, 
CR1, on erythrocytes is reduced in patients with RA and that the reduced ex-
pression of CR1 is related to disease activity [27]. 

Barros et al. showed that the expression of CD47 on RBCs of patients with 
warm autoimmune haemolytic anaemia is not different from that seen in healthy 
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individuals. In addition, they detected that patients with active warm-type auto 
immune haemolytic anaemia present lower expression of CD59 and normal ex-
pression of CD35 and CD55 on their RBCs. Complement-regulatory proteins 
may play an important role in protecting RBC destruction through the activation 
of complement [28]. 

Alegretti et al. showed decreased CD55 and CD59 expression on RBCs of SLE 
patients with nephritis. The results suggest there is an altered pattern of com-
plement regulatory proteins expression on the peripheral blood cells of SLE pa-
tients, and the expression is correlated with disease activity and/or with activa-
tion of the complement system [20]. 

Al-Faris et al. found that the number of CKD patients with CD59 deficiency 
was significantly higher compared to the healthy controls, and there were in-
creased proportions of CD55- and CD59-deficient RBCs among CKD patients 
with various disease stages compared to healthy controls. The strength of CD59 
expression on RBCs in the CKD patients, as shown by MFI, was also significant-
ly lower than that in healthy controls. In this study, it could be speculated that 
altered CD55 and CD59 on RBCs of CKD patients might play a role in the in-
creased susceptibility to hemolysis, leading to the development of anemia in this 
group of patients [29]. 

Eldewi et al. showed that the proportion of erythrocytes expressing CD35, 
CD55 and CD59 was significantly lower in both pediatric and adult chronic 
kidney disease (CKD) patients than in healthy controls. Since all patients were 
anemic, this may suggest that altered expression of these proteins on erythro-
cytes of patients with CKD might play a role in the development of anemia [30]. 

5. Conclusion 

Low levels of CD55, CD59, and CD35 in β-thalassemia major patients indicate a 
role for them in the aetiopathogenesis of haemolysis in this disease, and also this 
defect in the complement system may be responsible for the chronic complica-
tions seen in these patients. Further studies concerning the synthesis and de-
struction of the CD55, CD59, and CD35 proteins at the molecular level are 
needed to clarify the process under which the low expression is happening and 
this will provide a positive effect on the prognosis of β-thalassemia major pa-
tients. Further studies of CD55, CD59, and CD35 as potential therapeutic tar-
gets for β-thalassemia major patients. Exploration of CD55, CD59, and CD35 
measurement in infancy or childhood as disease severity markers for develop-
ment of preventative treatment strategies for children with ineffective erythro-
poiesis. 
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