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Abstract

Objective: The quality blood grouping reagents is clearly an important factor for blood transfusion and diagnostics and
many international standard Anti-B reagents are available for blood grouping in India and there is a need of indigenously
developed, cost effective potent Anti-B secreting monoclonal antibody which can be used as a standard blood grouping
reagent. To develop indigenous, cost effective standard Anti-B reagent which can be used in the scale up system to ensures
constant supply which will ultimately be cost-effective if produced in-house.

Method: Murine anti-B monoclonal antibodies have been produced by hybridoma fusion with specificity for human blood
group B following the immunization of BALB/c mice with group B cells.

Results: Three hybridoma clones were developed with specificity to human B blood group. Out of three hybridoma clones
two of them, show potent titer, avidity, and sensitivity to be used as blood typing reagent. One clone, 3D5D7G2 reacted
well in screening tests with an avidity of < 4 seconds with B cell.

Conclusion: This IgM antibody reacted with 100% accuracy when tested with more than 2500 samples of A, B, O blood
groups and satisfies all the laid down criteria under WHO guidelines to be labeled as an Anti-B reagent. The suitability of
these antibodies as blood grouping reagents is discussed.
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Introduction

The discovery of A, B, O blood groups by Landsteiner in 1901 ™, found in most secretions and tissues, has gained great
importance in blood transfusion service in typing of blood donors and recipients during transfusions, organ transplants and
to ensure safe blood transfusion. The A, B, O antigen is present on the surface of erythrocytes and the use of monoclonal
antibodies (MADbs) as typing reagents is limited by their capacity to react with a single epitope. In India A, B, O blood
typing reagents are generally procured from western sources and there are no indigenously developed clone, representing
the epitopes of the Asian population that can be used as a typing reagent. Hence the aim of this exercise is to generate an
indigenous clone, satisfying all the laid down criteria to be labeled as a potent typing reagent.

With the advent of hybridoma technology ', murine monoclonal antibodies unlike polyclonal antisera once generated
indigenously will not only be cost effective but also provides the same antibodies without any batch variation over a long
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period of time. Indigenous development of monoclonal antibody being cost effective has progressed rapidly for the
production of a low grade diagnostic reagent !, Monoclonal antibody with anti-B specificity and with potential as a
blood grouping reagent was produced following the immunization protocol employed which differs from previously
reported in dosage and in the timings of the inoculations of a mouse with group B red cells ). There had been other reports
of monoclonal antibodies with blood group B specificity /' with each of the group employing a different immunization
protocol.

One of the antibody clones 3D5D7G2 satisfies the laid down criteria of potency, avidity and specificity to be used as a
promising blood grouping reagent.

Material and methods

Immunization schedule

Four to six weeks old female BALB/C mice were immunized intraperitoneally with modified protocol with 10%
suspension of group B red cells in phosphate buffered saline obtained from healthy individual at an interval of 0, 10, 20
days with a final booster on 30th day three days before fusion . On day 15, mice were test bled through the retro orbital
plexus and the titer of serum antibodies was determined by of tube hemagglutination technique .

Hybridoma production & cloning

Spleen cells from immunized mice were prepared after the final dose of the booster and mixed with 1:5 ratio of
Sp2/0-Ag14 mouse myeloma cells in presence of 50% polyethylene glycol 4000 (Merck) using the procedure described by
Kohler and Milstein . After the fusion, the cells were resuspended in Hypoxanthine Aminopterine Thymidine (HAT)
made with Iscove's modified Dulbecco's medium, supplemented with 20% fetal bovine serum (FBS) (Gibco), 100uL/mL
of penicillin, 100pg/mL streptomycin, 2mM L-glutamine, 10-8 M hypoxanthine, 4 x 10° M aminopterin, and 1.6 x 10° M
thymidine (All reagents from Sigma). 200pL were seeded on 96-well tissue culture plates along with mouse macrophage
feeder layer (Nunc, DK 4000 Roskilde, Denmark). The plates were incubated at 37°C in moisturized atmosphere with 5%
CO; in air. Seven days after fusion, wells were replenished with HT medium and after 3-5 days supernatants from the wells
exhibiting hybridoma growth were screened by hemagglutination for anti-B antibodies using A, B and O red cells. All B
red cell specific positive clones were expanded to 24-well plates and the cells were frozen under liquid nitrogen in a
medium containing 90% FBS and 10% dimethylsulfoxide (DMSO, Sigma). Hybrid clones of interest were selected on the
basis of their specificity, titer, and avidity by the hemagglutination reaction and re-cloned twice by the limiting dilution
technique. Immunoglobulin class was determined by ELISA using class-specific reagents (Sigma). The culture
supernatants were centrifuged and stored containing 0.1% Na-azide and kept at 4°C. The clones were cryopreserved in
liquid nitrogen for future reference.

Hemagglutination assays

Anti-B Blood Grouping Reagent (Span Diagnostics Ltd., India) used as a standard and control reagent throughout this
work. Red cells were washed three times in 0.15 M sodium chloride; suspensions were made in 0.15 M sodium chloride
from the washed packed cells. The culture supernatants were tested with random A, B, O and AB human adult red cells. To
rule out the presence of cross reactivity and to check the titer, avidity and specificity, culture supernatants were tested with
A, B and O red cells at 37°C, 4°C, and room temperature by saline and 2% BSA in PBS as per the standard procedures !,

The inhibitory capacity of the B substance (Purified from meconium) by the agglutination produced by MAbs of interest
were performed according to the classical method with doubling dilutions of B-substance. The agglutinating system was
composed of red blood cells (50puL) and 50pL of monoclonal anti-B diluted at 1/50. Different saliva from ABH secretor or
non-secretor subjects was used.
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ELISA to measure concentration of anti-B antibodies

Polystyrene micro titer plates (NUNC) were coated with 100uL/well of 5ug/mL of anti-human IgM in 0.1M bicarbonate
buffer, pH 9.6, overnight at 4°C. The next day plates were washed 3 times with 0.01M phosphate buffer saline (PBS), pH
7.3 containing 0.05% Tween-20 (Sigma) and non-specific binding site were blocked for 2 hours with 2% BSA in PBS at
37°C. After 2 hours, the plates were washed with PBS + 0.05% Tween-20 and Anti-B culture supernatant (3D5D7G2) and
references were added. After an hour of incubation at 37°C, the plates were washed 3 times with PBS + 0.05% Tween-20;
than 100uL of Goat Anti-mouse IgM HRP (Sigma), diluted 1:2000 in 0.2% BSA in PBS was added, as the secondary
antibody. After one hour of incubation at 37°C, the plates were washed 3 times with PBS + 0.05% Tween-20 and then
100pL of TMB substrate were added, and the reaction was stopped after 5 minutes with 2N H2SO4. Optical density was
read at 450nm in ELISA reader. To measure the Immunoglobulin concentration of culture supernatant of Anti-B antibody,
a logarithmic curve Y=A+B logX is fitted to calculate the concentration, in between the OD Vs. the dilutions.

Results and discussion

Out of the 386 wells seeded only 128 yielded hybrids of which twenty eight wells were positive for agglutination tests with
human ABO red blood cells in 96-well U-bottomed plates. Out of the twenty eight wells, three of the hybridomas secreted
specific antibodies that agglutinated only with B group red blood cells. To get enough supernatant volume for avidity and
intensity tests, the positive clones from the first selection were expanded to 24-well plates and sub-cloned twice by
limiting dilution.

From this study, only one antibody (3D5D7G2) specific for B red blood cells showed enough potential characteristics to
be used as typing reagent for B blood group. The properties of this antibody are summarized in Table-1 & 2 with respect to
Avidity, potency & Specificity.

Table 1. Avidity, intensity and titer of the 3D5D7G2 monoclonal antibody by tube agglutination assay

Red Cells No. of samples Avidity (in seconds) Intensity Titer
Whole blood 10% cell

B 880 31 3.2 4+ 512

AB 15 35 3.9 2+ 128

AlB 15 3.4 3.7 2+ 64

A2B 14 35 3.8 2+ 64

A drop of culture supernatant was pipette on to a clean glass slide and to this was added one drop of a whole blood and
10% washed cell suspension. The time taken (In seconds) for visible agglutination to be observed was determined using a
stop-watch and recorded as the avidity of the reagent. The avidity test has proved useful in the evaluation of both human
sera and monoclonal antibodies for use as blood grouping reagents . The agglutination reaction was achieved using one
volume of the antibody solution and one volume of the red cells in suspension at 2%. Macroscopic readings were taken
after 1 hr of incubation at RT followed by centrifugation for 1 min at 1000 rpm. The intensity was expressed using the
following nomenclature: (+4) one granule and clear supernatant; (+3) several granules and clear supernatant; (+2) several
small granules and turbid supernatant; (+1) fine granules and turbid supernatant; (+/-) very fine agglutination; (-) no
agglutination 11,

Table 2. Specificity of the 3D5D7G2 monoclonal antibody by tube hemagglutination assays

Blood cell No. of samples IAT Cold (2-8°C) RT 37°C
A 810 -Ve -Ve -Ve -Ve
B 880 +Ve +Ve +Ve +Ve
O 810 -Ve -Ve -Ve -Ve
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The specificity of each hybridoma supernatant was determined by its agglutinating capacity against a panel of red blood
cells of the ABO groups. The assay was performed in Tube agglutination test by placing 30uL of undiluted supernatant &
mixed with 30uL of a 2% suspension of washed red cells. The tubes were allowed to stand for an hour at room temperature
(RT) and centrifuged at 1000 rpm for one minute, then observed for agglutination macroscopically as well
microscopically.

In order to determine the immunoglobulin concentration in culture supernatants by ELISA was performed twice. The
correlation between the OD determined by ELISA, the Immunoglobulin quantity was calculated by a logarithmic curve
plotted (Y=A+B logX) in between the OD Vs. the dilutions (Figure 1) and the mean of content of association between the
OD and the titer of antibody were found 172ug/ML.
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Figure 1. Anti-B ELISA with monoclonal antibody on an immunoplate coated by anti-human IgM antibody

The data point (1) have been obtained by first incubating the plates with the dilution series of reference anti-B antibody to
an Anti-human IgM antibody captured by coating. In a second step conjugated anti-mouse IgM was used to reveal the
content of Ig of reference anti-B antibody. The data points (Il) have been obtained by incubating the plates with the
dilutions as above but the anti-B monoclonal antibody and the next steps turn was made visible by conjugated goat
anti-mouse IgM.

To ensure the specificity of the reagent the agglutinating system of anti-B antibody (3D5D7G2) and B erythrocytes was
inhibited by the B-substance, while no inhibition was observed with the saliva of O, A secretor subjects or with the saliva
of non-secretors. It is worth noting that no differences were found in the amount of B substance needed to inhibit group B
and subgroups A, B and A2B. (Data not shown)

Table 3. Stability studies of the 3D5D7G2 monoclonal antibody at different storage temperatures

2% Blood cell  Avidity (in seconds) Intensity ~ Titer

2-8°C 37°C 45°C

Whole Whole Whole

blood 10% cell  blood 10% cell  blood 10% cell 2-8°C  37°C 45°C
B group 33 35 35 3.6 3.6 3.7 4+ 256 256 256
AB group 35 3.7 34 3.7 3.9 4.2 2+ 128 128 128
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The immunoglobulin class of the culture supernatant was confirmed as IgM by isotyping ELISA kit (Sigma). Table-3
shows the stability studies of 3D5D7G2 monoclonal antibody which was checked and confirmed with panel of B & AB
group erythrocytes by saline method at 2°C-8°C, 37°C and 45°C.

The stability studies of culture supernatant of the anti-B 3D5D7G2 antibodies were determined by means of potency and
avidity tests. The effect of different shelf storage temperature conditions was also studied on the final formulation of the
anti-B reagent in 2% BSA and analyzing its stability at 2°C-8°C, 37°C and 45°C. Each one of the tests mentioned was
carried out on first and seventh day, and the titer, avidity, and intensity were assessed by hem agglutination of standard
pooled B and AB positive blood samples.

To determine the reliability of the monoclonal reagent, it was tested in parallel with the commercial reagent currently used
in blood banks (Span diagnostics Ltd., Ortho's blood grouping reagents), by hemagglutination, in tube test. The results are
summarized in Table 4. First, the prepared reagent was 100% specific over 2500 samples analyzed by tube
hemagglutination. Second, from 880 samples of the B group, 99.7% agglutinated with an intensity ranging from +3 to +4
(0.94% and 98.8%, respectively) similar to the commercial Span's reagents currently in use, which gave values of 99.9%
(0.23% and 99.7%, respectively).

Table 4. Performance of the anti-B reagent by tube hemagglutination assays

Tube test
Span commercial reagent Experimental reagent
Intensity Intensity

Red cells No. of samples +1 +2 +3 +4 +1 +2 +3 +4
A 810 0 0 0 0 0 0 0 0

B 850 0 0 2 848 0 2 8 840
(0] 810 0 0 0 0 0 0 0 0
A:B 15 0 0 0 15 0 0 2 13
A,B 14 0 0 0 14 0 0 0 14

Tests were performed in parallel with commercial reagent (Span Diagnostics Ltd. and Ortho's blood grouping reagents) by
tube techniques at room temperature with an incubation period of 1 hr.

With the discovery of hybridoma technology by Kohler and Milstein there are large number of reports regarding blood
grouping monoclonals for diagnostic use are available from western countries. However there are none in the Indian
scenario which will cater to the needs of the Asian population. To circumvent this limitation with respect to its epitope
representation and cost effectiveness we have indigenously generated B blood group monoclonal antibody catering to our
needs.

The production cost ™ of indigenously generated anti-B monoclonal antibody was Rs. 50/10 mL as compared to
commercial Antisera at Rs. 250/I0 mL. The cost included only the production of antibody from the thawing of hybrid cell
lines on day one to the expansion in roller bottles up to day 14. With these proportions, 10mL of indigenously produced
anti-B reagent in India will be 5 times economical as compared to commercial reagents. Hence, the monoclonal antibody
produced by us, can be regularly used in the laboratory as a standard blood grouping reagent, ensuring a constant supply
which will ultimately be cost-effective.

In our study Anti-B antibody was produced by the same method, earlier reported by Sacks & Lennox, 1981; lyer et al.
2006. This antibody was obtained by immunizing mice with B group erythrocytes “# and mice had been pre-bleeded
before immunization to check the naturally occurring anti-B antibody. The monoclonal antibody indigenously produced us
fulfilled the criteria required for a standard blood grouping reagent, i.e., potency, specificity and avidity. The monoclonal
anti-B 3D5D7G2 antibody was screened for more than 2500 blood samples and found comparable to the standard Anti-B
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monoclonal antibody reagents like Span diagnostics Ltd. and Ortho's blood grouping reagent. In contrast, anti-B
(3D5D7G2) antibody agglutinates B3 red cells and Bx red cells which are the weaker variant of B group.

The clone was stable, and able to secrete antibody with the same specificity even after several passages and the antibody
secretion of defined specificity also confirms at different storage temperatures. The strong specific inhibition observed by
adding the B-substance conforms the specificity of the MADb, indicating that it reacts with the immunodominant region of
the antigen that confers the specificity to this group.

Conclusion

We generated indigenously three clones expressing anti-B specificity. However, only one of the three clones further
expanded, sub cloned and 3D5D7G2 was found to be potent to be used as a monoclonal anti-B blood grouping reagent.
There are number of laboratories have produced ABO specific hybridomas as a typing reagents has so far been
recommended as a standard reagent **'**!. The monoclonal antibody produced by us, can be used in the scale up system
as a standard blood grouping reagent ensures constant supply with cost effectiveness if produced commercially.
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