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Abstract

Introduction: Transfusion therapy is a challenge for patients with sickle cell disease,
it develops antibodies against erythrocyte antigens, especially against the Rh system
antigens, more frequently against RhD antigen, as this presents allelic variations
in the RHD gene, resulting in structural changes in the protein, contributing to
alloimmunization these individuals. However the frequency of these variants is not
known in patients with sickle cell disease in the Brazilian Amazon.

Objective: In this study, our goal was to characterize the RhD variants and determine
the relevance Transfusion in patients with Sickle Cell Disease in the State of Amazonas.

Materials and methods: We used 96 blood samples from patient’s sickle, which
were submitted to the RhD phenotype. Identification of RHD variant genotyping was
performed by the microarray technique.

Results: A total of 96 samples, 36(37.5%) presented discrepant results in serology for
the detection of RhD antigen, and 12(33.3%) of these, characterized as variant RhD.
Among the 12 samples molecularly characterized as variant RhD, 4(33.33%) DFS5,
followed by 3(25, 00%) DIlla, 2(16.66%) DAU3, 1(8.33%) DHMI, 1(8.33%) DFV
and 1(8.33%) DAR. However, the total of 96(100%) samples, two showed no exon
7 and the other did not show the intron 4 for multiplex PCR, however in serological
tests showed normal results and the method of micro arrangements did not present
RHD changes.

Discussion: This study is of great importance because it is the first results of detection
of RhD variants in patients with sickle cell disease state of Amazonas, since our
population is differentiated from the rest of Brazil. Is important to mention, it was
possible to demonstrate a higher frequency of DF5 variant in our sickle patients,
this also contrasts with the world literature, since DF5 variant is more frequent in
Caucasians.

Conclusion: We emphasize the importance of characterization of RhD variants, in this
population, as we can demonstrate significant results and that had not been described
in the literature, making it clear techniques involving molecular biology increase
transfusion safety and guarantee reliable results for the detection of erythrocyte
antigens variants.
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Introduction

Transfusion therapy is a major challenge for patients with
sickle cell disease, as these individuals have a high frequency of
alloimmunization resulting from the development of antibodies to
erythrocyte antigens, which the majority are formed with specificity
againstthe Rhsystemantigens,'? thisisbecause there are several genetic
variations in RH genes in sickle cell patients and are associated with
alloimmunization Rh,® though seemingly incompatible transfusions
for the Rh system antigens. So the Rh system can be considered the
largest and most polymorphic of all blood group systems,* because of
their immunogenicity of its antigens and be directly involved in post
transfusion hemolytic reactions in autoimmune hemolytic anemia
and especially in hemolytic disease.” It may also be involved in a
greater susceptibility of blood transfusions in individuals with sickle
cell disease, triggering serious clinical consequences, such as post
hemolytic transfusion reaction, antibody formation and destruction of
autologous red blood cells.

Of the 54 antigens that form the Rh system, of which the most
relevant are the antigens: RhD, C/c, E/e, that among these the most
important from a clinical point of view is the RhD antigen due to
its high immunogenicity.® The genes that form the Rh system are the
RHD gene encoding the RhD antigen and RACE gene, which encodes
the antigens C/c and E/e.® The elucidation of the molecular basis of
the Rh system is extremely important for patients with Sickle Cell
Disease, as gene rearrangements, point mutations and deletions are
responsible for numerous peptide variations in RhD antigens and
RhCE.

In Brazil Castilho et al.” demonstrate a high frequency of DIIla
variants and DAR, in patients with sickle cell anemia associated
with Rhesus alloimmunization although apparently compatible
for transfusion antigens of the Rh system.” However individuals
who express these variants are phenotype with RhD positive, but
develop anti-D, lead to decreased survival of erythrocytes, because
such individuals become dependent blood transfusion and higher
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risk alloimmunization. These results indicate the serological typing
of red blood cells cannot distinguish between variant gene products
RhD, resulting in a later alloimmunization and a greater commitment
survival of erythrocytes, once these patients have already changed the
erythroid series sickle shaped and is also associated with changes in
Rh protein®® and are expressed in them a greater amount of adhesion
molecules and immunoglobulins,'®!" It may be associated with an
increased susceptibility for transfusion in these individuals.

Erythrocytes with some form of altered expression of the RhD
antigen are not hardly found in routine blood transfusion, there are an
estimated 1% to 2% of Caucasians which have RHD alleles coding for
weak RhD antigens am partial RhD, which is the highest frequency
in African ethnic individuals.!” By the fact these studies demonstrate
that the RhD antigen variants in patients with sickle cell disease
patients are diverse and are also associated with Hiperhemolise
Syndrome,'* which is constituted by a alloimmunization complication
reported after blood transfusion, leading to decrease in hemoglobin
and reticulocytosis, which results in the destruction of autologous
and allergenic red blood cells in sickle cell patients, thus increasing
the severity of existing pathophysiology of this disease, caused by
chronic anemia caused after administration of red blood cells in these
patients.'*!3

Considering these data we saw that the RhD antigen variants might
be not only involved the alloimmunization, but also the indication of
blood transfusion in these individuals, but there are not many studies
explaining an association of these variants with reduced lifetime of red
blood cells, this reason suggests that patients carriers of sickle RhD
variants may be contributing to an increased number of transfusions
in these individuals. This demonstrates the high importance of
characterization of the RhD variants in our study population, since do
not yet exist data on the frequency of these variants in patients with
sickle cell disease in the state of Amazonas.

Materials and methods

Were studied 96 samples of patients with Sickle Cell Disease State
of Amazonas (heterozygous and homozygous for hemoglobin S),
multiple transfusions or not. All patients agreed to participate in this
study, signing a consent form Clarified approved by the Committee
of Ethics is in the Amazon Blood Bank Research. The samples used
were 128patients carriers of sickle cell disease treated at the Hospital
Foundation of Hematology of the Amazon. Where all samples
were subjected to the RhD phenotype techniques RHD genotyping
technique by “micro-array”.

Serological study

The RhD phenotyping was performed for 96 samples using the
classic technique of hemagglutination tube, using the anti-D IgG
class reagents clone MS26 and anti-IgM class D clone MS201
(Fresenius Kabi, Itapecerica da Serra, SP Brazil). Samples that were
negative (no agglutination) in direct phenotyping for anti-RhD IgG
and IgM were subjected to the test tube D weak. It was used for
this test Human globulin (Fresenius Kabi, Itapecerica da Serra, SP
Brazil) and the class of anti-D reagent IgG clone MS26 (Fresenius
Kabi, Itapecerica da Serra, SP Brazil), where the presence or not
was observed agglutination. Phenotyping for the CDE antigens was
analyzed by hemagglutination technique tube. Were subjected to this
test the samples showed negative for the weak D test, for study Ballas
et al.'® and Judd et al.'” demonstrated, individuals with Del phenotype
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generally exhibit the antigen and C / or antigen of E, therefore RhD
negative individuals to test positive for anti-CDE may be a likely Del.
This reagent detects the antigens C, D and E of the Rh system.

Molecular tests

The DNA was extracted from the whole blood by phenol
chloroform technique using a commercial kit Brazol TM LAC
Biotechnology. The concentration and the quality of all the DNAs
were measured with a NanoDrop spectrophotometer model 2000c
(Thermo Scientific, Waltham, MA, USA). As the objective of this
study was to describe the frequency of RHD variants we used the
Bead chip RAD kit, which uses 35 markers associated with allelic
alterations RBD. This assay was performed using 2uL of each DNA
sample with a concentration 20 to 70 ng DNA, being used the protocol
according to the manufacturer. It was used the technique microarrays,
that uses a multiplex PCR that does simultaneous amplification of
several DNA fragments where polymorphisms occur, By means of
oligonucleotide probes deposited on a glass plate (glass, silica or
other supports) that, when hybridized with target DNA fluoresce.
The emitted fluorescence is detected and interpreted by an automated
system capable of evaluating the fluorescence intensity and provide
results that are easily viewed through graphs or tables genotypes. This
technique has an excellent allelic discrimination, reduction of isolated
procedures and their results are fully automated.'®!* And for presenting
satisfactory results, because the technology “microarray” can be used
to manage monitoring and control of transfusion of sickled patients
and other patients multiple transfusions, as it allows a more accurate
determination of blood units compatible to prevent alloimuzations,
and potential hemolytic reactions and also to identify polymorphisms
that serologic technique is not able to detect.!s?!

Results

All samples were submitted to RhD phenotyping using anti-D
reagent and IgG anti-D IgM, produced from clones mentioned in the
methodology of this study. In these tests we found different results with
discrepant intensities in the reading of agglutination? as the following
example: 4 crosses at a second reactant and the other crosses. The
results of these discrepant and not discrepant fenotipagens are shown
in Table 1. Among the 36 phenotyping with discrepant results, only
12(33.3%) samples were confirmed as variant RhD. However found
in this study, 01 samples of variant RhD without discrepancy in the
RhD phenotyping as shown in Table 2. Still we found 2 samples that
we classified as indeterminate, as had normal phenotyping, but in
molecular biology using multiplex PCR, where one did not present the
exon 7 and the other did not submit the intron 4, but to accomplish the
PCR by the method of micro arrangements RHD showed no changes.
The genotyping were performed for the RHD gene, using the micro
array technique “micro-array”, which uses a multiplex PCR that
does the simultaneous amplification of several DNA*?* fragments
where polymorphisms occur, for a means of oligonucleotide probes
deposited on a glass plate (glass, silica or other supports) which, when
hybridized with target DNA fluoresce.

Table | Discrepancies detected in the serological reaction between the Anti-
RhD reagents of IgG and IgM class

Patients Discrepant No discrepancies
n n % n %
96 36 37,5 60 62,5
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Table 2 RhD variants and their serological reactions

Discrepancies

Variants RHD No discrepancies Overall
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variants identified in our molecular tests, the DIIla variant was the
most frequent of the 96 samples analyzed within the range of 0-16
transfusions, as shown in Table 4. Our results also demonstrate that

1gG e IgM only 1(7.69%) sample characterized as weak D type 5, of 13(100%)
Dllla 03 00 03 of all variants were found in the range 34-60 transfusions. In Table 5 is
DAU 02 00 02 demonstrated an analysis of the number of transfusions, age, presence
of weak D type 5 variants. Of patients with variant RhD, only the
DHMi ol 00 ol sample 152 showed anti-D antibody.
DAR 00 ol 0l Table 3 RhD variants in sickle cell patients according to the frequency of
transfusions
DF5 05 00 05
DEV 0l 00 ol Patients Variant RhD
Frequency of transfusion \Fl‘alue
Undetermined - 02 04 n % n %
For facilitate viewing of frequency of transfusions and presence 0-le 55 5729 4 3007
of RhD varlant‘s, we conduct the following .number of transfusions 17.33 38 3958 8 61,53
cuts, as shown in Table 3. It can be observed in Table 3 the frequency
of 61.53% RhD embodiment the cutting with frequency of 17-33 34-60 303,12 I 7,69
transfusions. And Ipatient who received more than 33 transfusions
were not found RhD variants. Our results demonstrate that among the % 1000 13 1000 04236
Table 4 RhD variants found in different ranges transfusion
. Transf. %Line Transf. % Line o
RhDVariant 4 |4 %Column 17-33 %Column 1% %
100,00 - 100,00
Dllla 03 60,00 ] : 03 25,00
. 100,00, 100,00
DHMi - - ol 14,28 ol 833
50,00 100,00 50,00
DAU3 ol 20,00 ol 14,28 02 16,66
- 100,00 100,00
DRV - : ol 14,28 ol 833
20,00 75,00 57,14
DFS ol 20,00 03 2,85 04 33,33
- 100,00 100,00
DAR : . ol 1428 ol 8,33
Total 05 41,66 07 58,33 12 100,00
° 10 100,0 14 100,0 100,00

Table 5 Frequency of transfusions Dla variants, DAR, DHMI, DAU3, DFV and
weak D type 5

Frequency of  Age of the RhD Presence of
transfusions patient variant anti-RhD
9 7 Dllla Neg

9 18 Dllla Neg

16 17 Dllla Neg

21 27 DAU3 Neg

3 3 DAU3 Neg

18 54 DAR Neg

18 12 DHMi Neg

41 42 DF5 POS

9 9 DF5 Neg

24 8 DF5 Neg

20 13 DF5 Neg

30 6l DF5 Neg

18 28 DF5 Neg

Discussion and conclusion

This study is very important because it is the first results of
detection of RhD variants in patients with Sickle Cell Disease State
of Amazonas, as it our population is differentiated from the rest of the
country. According to Brazilian Institute of Geography and Statistics,
our population composed mainly of white, mixed race and indigenous.
According to Noizat et al.,>> RH variants in patients with sickle cell
disease are numerous, and she studied in the African-Caribbean
individuals, associated with multiple transfusions alloimmunization
in patients.> This because the main therapy for these patients is the
blood transfusion, which makes them a prospective risk for possible
alloimmunization. Noizat also demonstrated that five main blood
group antigens that may cause alloimmunization are respective
antigens (D,C,E,c,e). Is there genetic variation in these antigens
caused by mutations caused by hybrid alleles, of which the most
clinically relevant is called partial RhD variant.® Corroborating
Noizay study, Chou and Westhoff have shown that variants of the
RhD gene are of great relevance in transfusion medicine for sickle cell
patients, they have shown that 22% of patients with sickle cell disease
african Americans have this hybrid gene, resulting in changes in some
epitopes of the RhD protein, leading these patients to be phenotyped
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as normal RhD positive and, though on receiving RhD positive red
cells, develop Anti-D Antibodies.

Agreeing with study Noizat, Westhoff and colleagues studied
serologically and molecularly 39 African-American patients, of
which the study serologic 18(46.15%) had anti-D.*® Corroborating
work Westhoff et al.?® and Castilho et al.”’ also demonstrated that in
african-Brazilians there is a high frequency of variant DIIIa and DAR,
too suggesting a high risk individuals such alloimmunization, leading
to a reduction of the lifetime of the erythrocytes in circulation.?”
Unlike Westhoff et al.?¢ and Castilho et al.,*” our results show a higher
frequency of DF5 variant in patients with sickle cell disease, This also
contrasts with the literature, since DF5 variant is more frequent in
Caucasians.?® Our study also diverges with Miiller et al.,® where it
was demonstrated that among the variants of the weak D type, the
most frequent are respectively variants weak D types 1,2,3,4 and 5,
being less frequent variant DF5 of these cited and still, In the same
study it was not reported any alloimmunization for anti-D in patients
characterized with some of these variants.?® 3 However in our study, 1
sample (20%) of 5(100%) characterized with DF5, developed anti-D.

The weak D variants may occur because amino acid substitutions
of different types of weak RhD are located in the transmembrane
and intracellular segments of the RhD protein. On the other hand we
suggest that other factors may also be contributing to this constant
hemolysis. This is because erythrocyte membrane is composed of
structural proteins crucial for normal morphology of the erythrocytes.
Among these we can cite the ankyrin, CD47 and spectrin-binding
protein 4.2, which are connected to the Rh complex as demonstrated
Nicolas et al.® Therefore changes in the interactions between these
proteins located in the lipid bilayer and the underlying components
that make up the erythrocyte cytoskeleton, such as Rh protein, they
can also lead to decreased life time of erythrocytes in peripheral blood.
Corroborating Nicolas et al.® study, Ballas et al.'* provide evidence
that the absence of the Rh protein (Rhnull) can result in hemolytic
anemia called ovalocitosis, due to the fragility caused by the absence
of the Rh protein result in changes 4.2 binding protein comprising the
erythrocyte cytoskeleton.

Among the 54 antigens of the RH system currently described by
the International Society of Blood Transfusion, the RhD antigen, and
is more immunogenic also it is important in the interaction with the
cytoskeleton of erythrocytes. Therefore, we suggest that changes in
the RhD antigen may influence the greater fragility of red blood cell
membrane further reducing its life time in circulation, suggesting that
patients with sickle cell patients these variants may be more susceptible
to a greater number of transfusions. The difference between red blood
cells that present partial RhD?' variants, which have altered epitopes,
from those that have the antigenic density lower (Del and RhD weak) is
important to avoid possible alloimuzations. Whestoff 3> demonstrated
that due to limitations on reagents used hemagglutination technique
to differentiate RhD variants, many patients have produced anti-D
because they were considered positive RhD.

Moreover, patients considered as RhD negative in serological
study, due to the low antigen density, may have the RHD gene, these
being characterized as variant D weak. We carried out the serological
and molecular study of 96 (100%) of patients with sickle cell disease
treated at HEMOAM, of which 36(37.50%) presented results of a
discrepancy between the anti-D IgM reagents and anti-D IgG, and
among these only 12(33.33%) were characterized molecularly as
RhD variants. Corroborating study by Credidio,* in which was used
the same hemagglutination technique tube, our results also showed
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differences among the anti-D IgM reagents and anti-D IgG in the
samples characterized as DFS variants. For samples characterized
as HDMI, DAR, day and DAU3 also obtained discrepant results in
serology, which may result in a transfusion normal RhD positive red
blood cells, for a patient who has some changes in the RhD protein
epitopes, once if the transfusion routine is phenotyped as normal
RhD positive, leading him to a possible alloimmunization. Our
results with previous publications of the literature clearly shows that
serologic techniques should be associated with molecular biology,
to thereby considerably increase transfusion safety due to a better
characterization of the RhD antigens for dependent patients from
transfusion therapy and still seeks greater insight into the interactions
of this antigen with other proteins crucial for the normal stability of
the erythrocyte.
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