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ABSTRACT 
 
Background and aim: In Egypt, β‐thalassemia is the most common chronic haemolytic anaemia. One 
of the RBCs antigens group that contribute to alloimmunization is Kell glycoproteins. Kell 
preferentially activates the vasoactive peptide endothelin-3. This study aims to assess the role of Kell 
alloimmunization in β-thalassemia and its potential consequences. Subjects &Methods: A prospective 
study was conducted on Egyptian transfusion -dependent β-thalassemia patients. Rh-Subgroups, Kell 
typing, screening for RBCs alloantibodies, and indirect antiglobulin test by Column Agglutination 
Technique were performed. To assess the role of Kell proteins in thalassemia, the functional network 
and a transcriptome dataset were analyzed for differentially expressed genes (DEGs) in β-thalassemia. 
Results: 34.8 % of patients developed alloantibodies on initial testing. Upon testing after 1 year, 41.6% 
of the alloantibodies positive patients developed new alloantibodies, mostly anti-K. Rate of 
alloimmunization was found to be significantly higher in patients bearing B allele (blood groups B and 
AB). Rate of anti-K alloimmunization was significantly higher in patients with the blood group AB. 
Analysis of the protein function network and clinical dataset for the DEGs showed that levels of Kell 
mRNA and mRNA levels of XK and its related proteins correlate differently in β-thalassemia samples 
compared to carrier and control samples. Conclusion: Alloimmnization of transfusion dependant β-
thalassemia patients could be higher in carriers of the B allele. Patients with AB blood group could be 
at higher risk of anti-K development. The Kell glycoproteins expression could be critical due to its 
correlation with XK, but not to endothelin 
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Introduction 

Thalassemia is one of the most common inherited Haemoglobinopathy. In β-thalassemia, 
synthesis of the β-globin chains in the HbA molecules is reduced or absent, eventually leading to 
haemolysis.  In Egypt, β‐thalassemia is the most common chronic hemolytic anemia (El Dannasouri  et 
al., 2012). Repeated blood transfusion (every 2 to 5 weeks) is essential to maintain haemoglobin levels 
(Abdelrazik  et al., 2016). Repeated transfusion was reported to increase the risk of the formation of 
antibodies against red blood cells (alloimmunization). This increases the risk of fatal haemolytic 
transfusion reaction and limits the chance of safe transfusion (Quirolo and Vichinsky,2016). 
Alloantibodies formation process in transfusion dependant β-thalassemia patients is not fully 
understood yet. One of the RBCs antigens groups that could contribute to alloimmunization is Kell 
group (CD238). Kell is a highly immunogenic type II membrane glycoprotein that acts as an endothelin 
converting enzyme leading to preferentially activation of the vasoactive peptide endothelin-3. 
Endothelins are a group of proteins that were reported to play a role in pulmonary hypertension in 
thalassemia (Fraidenburg et al., 2016). 

There are more than 30 Kell antigens; the most important antigens are K and k (Lin et al., 2003). 
Although K antigen is present in only 2% in Blacks, 9% in Caucasians, it was reported to be 25% in 
Arabs, (Raid et al., 2004), making it an important issue in blood transfusion in Egypt. The antigen k 
results from KEL gene polymorphism and differs from K antigen in only one amino acid. K has 
methionine at position 193 while k has threonine. 

The k antigen is more common than the K antigen in most populations (Raid et al., 2004). The 
(k-) phenotype is rare so that a serological K+k- results should be confirmed by genotyping to avoid k‐
alloimmunization risks. Repeated transfusion increases the chance to receive blood from K+ donor 
raising a possibility of Kell alloantibodies formation which could be fatal (Lin  et al., 2003). The 
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K 0 phenotype, in which the patients doesn’t express any Kell antigen, is rare (Matteocci and Pierelli, 
2013). 

This study aims to assess the role of Kell system in alloimmunization in transfusion dependant β-
thalassemia and its potential risk factors and preventive measures. 
 
Subjects and Methods 
 

A prospective observational study was conducted on transfusion -dependent β-thalassemia 
patients at the National Blood Transfusion Center (NBTC), Cairo, Egypt. Clinical and transfusion 
records for of 69 patients were collected, sampling was repeated on one- year time interval for follow 
up.  

 
1. Ethical approval:  

This study protocol was approved by Scientific Research Ethical Committee of Faculty of 
Pharmacy (Girls), Al-Azhar University, abiding by the Declaration of Helsinki. 
 
2. Samples:  

Seven ml of blood were collected in plain tube for serum separation. Serum tubes were labelled 
properly and stored in two aliquots at −80 °C. Antibody screening and identification was conducted 
after the routine ABO and RhD typing. 

Rh-Subgroups and Kell typing was performed by DiaMed‐ID microtyping system (DiaClon Rh-
Subgroups + K (Id-n°: 50110), ref.no. 002127, Switzerland).  

For alloantibody identification, initial screening for the presence of RBC alloantibodies was 
performed according to standard serological methods using Reagent Red Blood Cells-Surgiscreen®, 
(Ortho-Clinical Diagnostic, and Raritan, NJ, USA). Afterwards, Column Agglutination Technique was 
utilized for indirect antiglobulin test (Anti-human globulin, anti-IgG, -C3d; polyspecific monoclonal 
antibodies, Ortho-Clinical Diagnostics, Raritan, NJ, USA) using Ortho BioVue® system (poly 
cassette). 

 
3. Bioinformatics study:  

To assess the role of Kell proteins in thalassemia, the functional network of the protein was 
analyzed using STRING (Szklarcyzk  et al., 2015) and a transcriptome dataset (Taghayifar et al ., 
2017),for β-thalassemia and control was analyzed for differentially expressed genes (DEG) in β-
thalassemia compared to control samples. Also, the correlation between Kell expression and members 
of its functional network was assessed.  
 
4. Statistical Analysis:  

Data was analyzed using Pearson- Chi-square and Pearson correlation tests. Results were 
considered significant if P-value is ≤ .05. For the protein network analysis, results were considered 
significant when false discovery rate (FDR) is ≤ .05.  
  
Results 
 

Total number of patients was 69 including 40 males and 29 females .The study group includes 
60 patients with Thalassemia Major and 9 patients with Thalassemia Intermedia. The ABO blood 
groups of the patients were as follows: 26 (37.7%) patients had blood group A, 12 (17.4%) had blood 
group B, 21 (30.4%) had blood group O, 10 (14.5%) patients had blood group AB. 

 About 34.8 % (24/69) patients had developed alloantibodies on the initial alloantibodies 
screening and identification.  

Upon testing the patients after 1 year interval, 41.6% of the alloantibodies positive patients 
showed a development of new alloantibodies. Although the small number didn’t allow for proper 
statistics, most of the new alloantibodies were K.  

Rate of alloimmunization showed no significant correlation to gender, age group, or type of 
thalassemia. Data are summerized in table 1.  
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Table 1: Percentage of β-thalassemia patients with alloimmunization in different gender, age and β-
thalassemia type groups. 

Parameter  Percentage (no.)  

Gender 
Male (n=40) 27.5 % (11) Chi-square 2.23, p-value 

is 0.14 Female (n=29) 44.8 % (13) 

Age 
≤ 20 years (n=37) 35.1% (13) Chi-square 0.004, p-

value 0.95 >20 years (n=32) 34.4% (11) 

Type of β-thalassemia 
Major (n=60) 35 % (21) Chi-square 0.004, p-

value is 0.95  Intermedia (n=9) 33 % (3) 

 
A total of 44 alloantibodies were identified in the 24 alloimmunized patients. Only 4 patients 

developed 1 alloantibody (2 with anti-E, 2 with anti-K). The most frequent alloantibody was Anti-E, 
detected in 14 patients (58.3%). Anti-K was detected in 37.5% of alloimmunized patients.  

The rate of alloimmunization was found to be significantly higher in patients bearing B allele 
(blood groups B and AB). Chi-square 5.56, p-value= 0.018, Fig. (1a).  

Also, there was a significant association between Anti-K and the blood group AB. Rate of anti-
K alloimmunization was higher in patients with this blood group in comparison to other blood groups. 
The chi-square statistic is 8.71, p-value = 0.033, Fig. (1b). 

To assess the potential effect of anti-K on other genes, protein network of the Kell protein was 
analysed. Analysis of protein interaction network of Kell glycoprotein showed that Kell is functionally 
related to genes involved in the following pathways: cellular magnesium ion homeostasis (FDR = 2.92e-
06), vasoconstriction (FDR =0.0001), smooth muscle contraction (FDR = 0.00034), and regulation of 
systemic arterial blood pressure by endothelin (FDR = 0.00045).  

Coexpression profile of Kell glycoprotein network based on mRNA expression of Kell protein 
and related genes showed coexpression between Kell protein and each of XK, XKR3, and RHCE. 
(Figure 2 – Upper left and right panels, respectively) 

Analysis of the clinical dataset GSE96060 for the DEG showed differential expression of Kell 
and related proteins in thalassemia, carrier, and control samples. Levels of Kell mRNA and mRNA 
levels of related proteins correlate differently in thalassemia samples compared to carrier and control 
samples. (Figure 2 – Lower panel).  

 

Fig.1: (a): Number of alloimmunization positive and negative patients with different blood groups. (b): 
Number of patients with anti-Kell in different blood groups. 
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Fig. 2: Upper left: Protein interaction network of Kell glycoproteins. Upper right: diagrammatic 
representation of coexpression profile of Kell glycoprotein network based on mRNA 
expression, pink squares indicates cooexpression with Kell glycoprotein. Lower panel: 
heatmap showing differential expression of Kell and related proteins in thalassemia, carrier, 
and control samples (dataset GSE96060). The heatmap has a gradient colour scale (from green 
to red) indicating highest value of gene expression to lowest value of gene expression, 
respectively. The gene list is arranged by Pearson correlation coefficient (r) between Kell 
glycoprotein and each interacting protein , genes with the high positive correlation coefficient 
appear to left while genes with the high negative correlation coefficient appears to right and 
genes with weak correlation coefficient appear in the middle. 

 
Discussion  
 

β-thalassemia is the most common inherited hemoglobin disorder in the Mediterranean basin and 
Middle East. In Egypt, it was reported that for each million of annual live births, about 650 would be 
born with β-thalassemia major in addition to 10% carrier rates (Elmezayen  et al., 2015). Most patients 
depend on repeated blood transfusion as the first treatment measure. Repeated transfusion could cause 
alloimmunization, potentially leading to fatal transfusion reaction. One of the important risk factors for 
alloimmunization is splenectomy, originally performed in thalassaemia patients to stabilize transfusion 
requirements (El Dannasouri  et al., 2012). In the current study, more than one third of the patients had 
developed alloantibodies. Some of the alloantibodies positive patients had developed more than one 
alloantibody, especially upon testing after 1 year. Although the small number of these patients didn’t 
allow for proper statistics, most of the new alloantibodies were K. The rate of alloimmunization was 
relatively high when compared to previous studies that showed rates less than 25% (Hussein  et al., 
2014). However, this could be explainable by the genetic variations among Egyptians due to the mixed 
origins of the population (Arabs, Caucasians, and Africans….etc) (Raid  et al., 2004). 

In the current study, no difference in alloimmunization rates was observed between thalassaemia 
major thalassaemia intermedia. This result came in agreement with previous studies (Thompson  et al., 
2011). 
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In the current study, rate of alloimmunization showed no significant correlation to gender, age 
group, or type of thalassemia. These results came in agreement with a previous study that reported that 
the risk of alloimmunization was not affected by gender or age group (Hussein  et al., 2014). 

In the current study, the rate of alloimmunization was significantly higher in patients with blood 
groups B and AB. This came in disagreement with previous studies that showed that the risk of 
alloimmunization was not influenced by ABO blood group (Datta  et al., 2015). 

Also, rate of anti-K alloimmunization was significantly higher in patients with the blood group 
AB. However, the role of the B allele in several health problems and its relation to immunity is still 
unclear.  

For example, the presence of B antigen (B + AB blood group) was previously hypothesized to 
allow cancer cell that express an antigen similar to B antigen of blood group to evade the immune 
system (Kumar  et al., 2014). In addition, there are increasing evidence that the B allele of blood group 
is associated with risk of several circulatory disorders including coronary artery disease, venous 
thromboembolism, myocardial infarction, and cerebrovascular ischemia (Vasan  et al., 2016)  

Also, similar association of B and AB blood groups was found in some congenital heart diseases 
(Zu  et al., 2017). Several studies suggest a role of B allele in risk of several infectious and cognitive 
diseases (Ewald and Sumner, 2016). 

All these evidences suggest that the B allele could be playing multiple roles related to immunity 
and vascular functions. However, the question about the role of this allele in β-thalassemia patients’ 
reaction to blood transfusion and anti-K formation remains open for further studies. 

In the current study, most frequent alloantibodies were anti-E and anti K (belong to the Rh and 
Kell groups, respectively). Previous studies showed similar results as the highest specificity rates of the 
alloantibodies were recorded for anti-E and anti-K (Gupta  et al., 2011). In Egypt, similar results were 
reported; the most common clinically significant alloantibodies were directed against antigens in the 
Kell and Rh systems (el Dannasouri  et al., 2012). 

Similarly, it was reported previously that more than two thirds of the alloantibodies were against 
Rh subgroups and Kell groups in different population (Azarkeivan  et al., 2011). Other studies reported 
that anti-Kell was the most common alloantibody (Makarovska-Bojadzieva  et al., 2009). However, 
differences between anti-E and anti-K frequencies are minor.  

Kell glycoprotein is encoded by the KEL gene that is located on chromosome 7q33 and 
encompasses 19 exons. All Kell antigens are encoded by single‐nucleotide polymorphisms of this gene. 
The Kell glycoprotein contains more than 30 antigenic sites that are expressed as high/low frequency 
antigen groups (Ji  et al., 2014). Alloimmunization is a multifactorial process. For Kell group system, 
the most common antibody is anti-K, as the frequency of K+ phenotype is less common than K- in all 
populations. In fact, the most common phenotype of Kell system is K-k+ (Raid  et al., 2004). 

Anti-K is the most immunogenic non-ABO antibody after anti-D. It is an IgG antibody that is 
more frequently found due to transfusion rather than due to pregnancy. It is known to be involved in 
both acute and delayed haemolytic transfusion reactions (Mattaloni  et al., 2016).  

In the current study, the detected alloantibodies were anti-K, as anti-k were reported to be much 
less frequent compared to anti-K, although both can cause severe haemolytic transfusion reactions 
(Gupta  et al., 2011). 

In addition to its expression on RBCs, Kell antigen is expressed in several tissues including 
lymphoid organs, cardiac muscles, skeletal muscle, and the nervous system (Raid  et al., 2004). 

To study the role of Kell glycoproteins and potential effect of alloimmunization on it, analysis of 
protein interaction network of Kell glycoprotein was performed. Kell protein functional network was 
fond to include genes involved in cellular magnesium ion homeostasis, vasoconstriction, smooth muscle 
contraction, and regulation of systemic arterial blood pressure by endothelin. This protein functional 
network allows for better understanding of its functions in RBCs and other tissues. The Kell protein 
functional network was found to include X-linked Kx blood group (XK) protein, RHCE, and 2 
endothelins, endothelin 2, 3.  

XK protein is a putative membrane transporter that forms a complex with Kell on RBCs surface 
through a disulphide bond. The Kell glycoprotein group is known to act as an endothelin-3-converting 
enzyme. By cleaving an inactive precursor (big endothelin-3), K creates active endothelin-3, which is 
a potent constrictor of blood vessels (Azouzi  et al., 2015). Likewise, k protein efficiently cleaved big 
endothelin -1 as well as big endothelin -3. Proteolytic cleavage of big endothelin releases the bioactive 
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peptides with diverse physiological functions including vasodilatation effects (Davenport  et al., 2016). 

The absence of any clinical symptoms in Kell0 (Kell null) individuals suggest that the Kell enzyme is 
not essential for cell functions (Azouzi  et al., 2015). Repeated transfusion for such individuals might 
cause serious problems. Anti-Ku antibodies are formed in K0 people and are capable of causing a mild 
to severe transfusion reaction which could be fatal. K0 individuals ever require a blood transfusion; 
they should only be transfused with K0 blood products (Lin  et al., 2003). 

Coexpression profile of Kell glycoprotein network showed coexpression between Kell protein 
and each of XK, XKR3, and RHCE. Although Kell enzyme function is not essential for RBCs; the 
expression of XK is critical to normal morphology, the presence of more than 30 Kell glycoproteins 
allow for sufficient expression of XK in most individuals (Denomme, 2015). 

To shed more light on the Kell glycoproteins role in RBCs and other tissues, the transcriptomic 
data of β-thalassemia patient, β-thalassemia carrier, and control samples was analyzed. DEG showed 
differential expression of Kell and related proteins in thalassemia, carrier, and control samples. Levels 
of Kell mRNA and mRNA levels of related proteins such as the membrane transporter XK and its 
receptors XKRX and XKR7 correlate differently in thalassemia samples compared to carrier and control 
samples. The expression of Kell glycoproteins and XK proteins is high in β-thalassemia sera compared 
to carriers and controls, with strong positive correlation between the expression levels. This came in 
agreement with previous reports that there is a positive correlation between expression of Kell and XK 
so that, XK levels are reduced when Kell is absent and vice versa (Dubielecka  et al., 2011). 

The DEGs study showed that the correlation between enothelins and Kell expression is not 
strong. While the expression levels of enothelins in β-thalassemia are lower than those in β-thalassemia 
carrier and control samples, the Kell glycoproteins expression levels are higher in β-thalassemia than 
those in β-thalassemia carrier and control samples. These results could provide evidence that endothelin 
activation could occur via different pathways in addition to Kell activation (Azouzi  et al., 2015). 

The significance of anti K- alloimmuization had derived several approaches to overcome the high 
risks of transfusion reactions in β-thalassemia and other transfusion dependant conditions. For 
prophylaxis, RBC antigen matching could be extended to include C, E and Kell to reduce possibilities 
of alloimmunization (Chou  et al., 2012). Provision of antigen-matched (C, c, E, e, Mia) RBCs was 
already reported to improve the safety of transfusion in thalassemia patients. [13] Phenotype 
determination of the recipient’s RBCs before starting blood transfusion and careful cross-matching with 
common antigens of Kell subgroups in addition to ABO and Rh subgroups may help to reduce 
alloimmunization in chronic transfusion patients (Azarkeivan  et al., 2011). Alloimmunization rates in 
transfusion-dependent patients with a policy of prophylactic antigen matching for RhCE and Kell were 
decreased compared to those transfused without such a policy (Lin  et al., 2016). 

Also, in cases of alloimmuized patients, early determination of the anti-Kell titer was 
recommended by some researchers, while other studies reported that titers have not been seen to 
correlate with severity of disease (Stowell  et al., 2015). 

Other studies suggested prophylaxis with administration of polyclonal anti-Kell sera to prevent 
alloimmunization (Liu  et al., 2016). This approach had been suggested to avoid alloimmunization and 
tried on animal model using the whole Kell glycoprotein to prodce the anti-Kell sera. The evidence 
provided by the current study about the importance different Kell glycoproteins in XK transport and 
related pathways could open a question about the safety of polyclonal anti-Kell sera. Although the 
results of anti-Kell sera were promising, the impact of polyclonal antibodies that is reactive to most 
Kell glycoproteins raises questions and concerns about negative effects on RBCs integrity as well as on 
other tissues. 

 
Conclusion:  

Alloimmnization of transfusion dependant β-thalassemia patients could be higher in carriers of 
the B allele. Patients with AB blood group could be at higher risk of anti-K development. The Kell 
glycoproteins expression could be critical due to its correlation with XK, but not to endothelin. 
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