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Bonjour tout le monde, ce est un plaisir d'être ici et de rendre hommage à Yves Brossard . Je aimerais être en mesure de vous parler en français, mais je ne étais pas le meilleur élève quand je étais à l'école primaire, et je vais faire ma présentation en anglaisGood afternoon everyone, it is a pleasure to be here and pay tribute to Yves Brossard. I would like to be able to speak to you in French but I was not the best student when I was in primary school, and so I will give my talk in english



O-

O+

HDFN



The immune response



The immune response

DC

T TBB
Dendritic cell



DC

Th
B

Erythrocyte alloimmunization

CD80



O-

O+

Anti-D

Anti-D

x



• Affinity
• binding site(s)
• Fc function
• Fc glycosylation

Some attributes that are likely important in 
helping define anti-D activity in mothers



How does anti-D prevent immunization?



How does anti-D prevent immunization?

• Stern (1956) Male volunteers could be much 
more easily immunized to Rh if the blood 
was ABO compatible. 

• Levine (1958) If a mother had circulating 
(ABO) antibody against the baby’s red cells, 
then Rh immunization was uncommon.



How does anti-D prevent immunization?

Clarke (1963) Immunization was prevented in 
male volunteers in whom 95% of the injected 
red cells were cleared by 24 hrs.

-Antigen clearance hypothesis-
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IgG is also known as 7S antibodyIgM is also known as 19S antibody



How does anti-D prevent immunization?

Data from a new mouse model 
of the “anti-D-like effect”

Antibody-mediated immune suppression 
(AMIS)





IgG1
IgG2a
IgG2b





Abs Specificity IgG isotype RBC 
clearance

Steric 
Hindrance AMIS

1 anti-HEL HEL Polyclonal - ? +
2 4B7 HEL IgG1 - +/- +
3 GD7 HEL IgG2b - +/- +
4 2F4 HEL IgG1 - +/- +
5 MIMA 29 Fy3 IgG2a + - +
6 K6 Fy6 IgG1 + - +
7 CBC-512 Fy3 IgG1 + - +

Summary



Red cell clearance was not necessary
for decreasing alloimmunization!



Since red cell clearance was not required 
in the mice, lets re-visit 

the human studies?



62 (D - K -) male volunteers 
31 → (D + K+) RBC 11/31
31 → (D + K+) RBC + anti-K 1/31

The ‘suppression’ of the anti-D response was accompanied 
by rapid clearance of the RBC to the spleen. 

-Antigen clearance hypothesis-









Male volunteers were  injected (i.m.) with 100 ug of anti-Rh 
13 days after injection of 1 ml of 51Cr-labelled Rh positive 
blood.

All subjects were then challenged with (untreated) Rh+ blood 
at 6 months and 11 months.
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No further RhD Ig was given to the motherin cases 3, 6 & 11 – despite the presence of a substantialnumber of fetal red cells 2–6 days after delivery –indicating that complete clearance of fetal cells fromthe maternal circulation is not a prerequisite for effectiveimmunoprophylaxis. The ultimate proof, perhaps,of the success of immunoprophylaxis might be thefailure of these three mothers to produce anti-D duringthe next pregnancy with an RhD-positive fetus: thiswas the case in the current study for mothers E.D. andP.B. (cases 17 & 26).



IgM anti-D, cleared  red cells, but did not 
have any protective effect (Reviewed in 
Clarke, 1989)



Conclusions

• Anti-D is highly effective in preventing HDFN

• Inhibition (mice) of alloimmunization can 
potentially extend beyond the epitope which the 
antibody binds (Good news for the development of 
a monoclonal anti-D) 

• Accelerated red cell clearance is a good marker of 
potential suppressive ability, but may not play a 
fundamental role in suppressive activity





Male volunteers were  injected (i.m.) with 100 ug of anti-Rh 
13 days after injection of 1 ml of 51Cr-labelled Rh positive 
blood.

All subjects were then challenged with (untreated) Rh+ blood 
at 6 months and 11 months.



Samson & Mollison
Immunology 1975

Anti-D given
On day 14



Taken from Samson & Mollison, Immunology 1975



Kodippili et al., Blood, 2009
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Imaging of the diffusion of single band 3 molecules on normal and mutantErythrocytesGayani C. Kodippili,1 Jeff Spector,2 Caitlin Sullivan,2,3 Frans A. Kuypers,4 Richard Labotka,5 Patrick G. Gallagher,6Ken Ritchie,2 and Philip S. Low1Departments of 1Chemistry and 2Physics, Purdue University, West Lafayette, IN; 3Department of Physics, University of Illinois at Urbana-Champaign;4Children’s Hospital Oakland, Research Institute, CA; 5Division of Pediatric Hematology/Oncology, University of Illinois, Chicago; and 6Department of Pediatrics,Yale University School of Medicine, New Haven, CTMembrane-spanning proteins may interactwith a variety of other integral andperipheral membrane proteins via a diversityof protein-protein interactions. Notsurprisingly, defects or mutations in anyone of these interacting components canimpact the physical and biological propertieson the entire complex. Here we usequantum dots to image the diffusion ofindividual band 3 molecules in the plasmamembranes of intact human erythrocytesfrom healthy volunteers and patients withdefects in one of their membrane components,leading to well-known red cellpathologies (hereditary spherocytosis, hereditaryelliptocytosis, hereditary hydrocytosis,Southeast Asian ovalocytosis,and hereditary pyropoikilocytosis). Aftercharacterizing the motile properties ofthe major subpopulations of band 3 inintact normal erythrocytes, we demonstratethat the properties of these subpopulationsof band 3 change significantlyin diseased cells, as evidenced bychanges in the microscopic and macroscopicdiffusion coefficients of band 3and in the compartment sizes in whichthe different band 3 populations can diffuse.Because the above membrane abnormalitieslargely arise from defects inother membrane components (eg, spectrin,ankyrin), these data suggest thatsingle particle tracking of band 3 mightconstitute a useful tool for characterizingthe general structural integrity of the humanerythrocyte membrane. (Blood. 2009;113:6237-6245)IntroIn the well-studied erythrocyte membrane, a complex of membranespanningproteins comprised of band 3, Rh proteins, CD47,glycophorin A, and several other polypeptides is linked to aspectrin/actin cortical cytoskeleton via the bridging protein, ankyrin(labeled “ankyrin complex” in Figure 1A).1,2 In the same membrane,a second major complex comprised of band 3, glycophorinC, the glucose transporter, and perhaps Rh proteins is linked to acomplex of spectrin, actin, and protein 4.1 via bridging proteins,p55, adducin, and dematin (labeled “junctional complex” in Figure1A).2-5 A third population of band 3 is hypothesized to beunencumbered by attachment to a cytoskeletal protein (labeled freeband 3)6 and might therefore be expected to display increasedlateral diffusion, at least over long time periods.7





Can anti-D be replaced with a monoclonal 
antibody for Rh prophylaxis?

In the development of monoclonal anti-D, 
most studies consider that red cell 

clearance plays a predominant role.
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