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More than 30 years’ experience 
with the monocyte monolayer 

assay (MMA)
Donald R. Branch, MT(ASCP)SBB, PhD

Centre for Innovation
Canadian Blood Services

2014 AABB Sally Frank Memorial Award and Lectureship
Philadelphia, Pennsylvania

I dedicate this talk to one of the 
GIANTS of transfusion medicine

Sir John Dacie Patrick Mollison

George Garratty
1935-2014

Early Beginnings
• 1978/79 – Dr. Lawrence D. Petz recruits me to 

City of Hope National Medical Center
– MT(ASCP)
– CA licensed MT

• Dr. Petz asks me to develop an in vitro assay 
using monocytes to test alloantibody 
significance
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Early Beginnings
• 1980– Dr. Moses Schanfield publishes first paper on 

MMA (calls it the mononuclear phagocyte assay; 
MPA; uses human peritoneal macrophages)

Prog Clin Biol Res. 1980;43:305-23

New approaches to detecting clinically significant antibodies in 
the laboratory.
Schanfield MS, Schoeppner SL, Stevens JO

• 1981 – Schanfield again; in Transfusion

Early Beginnings (Con’t)
• 1980 – Michael T. Gallagher, PhD 

recruited by Dr. Petz to COH

• Work begins on the monocyte-
macrophage assay (MMA) 

Early Beginnings (Con’t)
• 1980:  Assay developed and validated: PBMCs onto 

glass cover slips, monocytes adhere, overlay R1R2 
RBCs sensitized with different amounts of anti-D to 
work out conditions and test reproducibility of assay

• Conditions: 37C, CO2 incubator (tissue culture 
conditions to maintain physiologic pH) and extra 
buffer (HEPES) to maintain pH at RT.

• Readout: Hematological stain and look for RBC 
phagocytosis alone (PRBC) or adhered RBC (ARBC)

• Validate assay:  DAT positive and negative patients 
with and without documented hemolytic anemia 



10/13/2014

3

Method Design

1) Isolate Peripheral Blood Mononuclear cells (PBMCs), 
wash and let adhere to slide in incubator for 1 hour

Ficoll

Slide

Method Design

2) Can test potential inhibitors of phagocytosis as an intermediate 
step and incubate for 1 hour

Slide

Drug X or IVIG
or vehicle 
(control)  

Method Design

3) Opsonize RBCs to serve as positive phagocytosis 
control (prepare ahead of time or day of assay) and can 
use patients’ RBCs (direct MMA) and/or patient serum 
or eluate to opsonize RBCs of specific phenotypes 
(indirect MMA – like a crossmatch)

RBCs 
(R2R2 or 
R1R2)

Anti-Rh (D)

(Patient 
serum or 
eluate)

Anti-Rh(D)-
coated RBCs
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Method Design

4) Aspirate inhibitors if used from the PBMCs, add the opsonized 
RBCs, and incubate for 2 hours

Slide

Fix slides in methanol;
Readout

Readout for MMA

Adherent RBCs (ARBC)
Rosetting

Phagocytosed RBCs (PRBC)
Eaten

Using Hematological Stain and Light Microscopy

Room temperature                     →                         37C, pH 7.4

Using Phase Contrast Microscopy

Adherent RBCs (ARBC)
(Rosetting)

Phagocytosed RBCs (PRBC)
(Eaten)

Room Temperature

37C, pH 7.4



10/13/2014

5

Phagocytosis and/or Adherence?

• Adhered + Phagocytosed (total 
associated RBCs)

• <5% - Non-significant
• ≥5% ≤ 20% - Borderline
• >20% - clinically significant

• Phagocytosed only
• > 2 phagocytic index (≥3 RBC phagocytosed

per 100 monoctyes)

Early Beginnings (Con’t)

• Gallagher MT, Branch DR, Mison A, Petz LD. A short term in
vitro assay of monocyte-macrophage (MØ) interaction with 
erythrocytes (RBC’s).  Fed. Proc. 40:1046, 1981 (Poster 
Presentation)

• Branch DR, Gallagher MT, Mison A, Petz LD. Evaluation of 
reticuloendothelial function and erythrocyte antibody 
significance using an in vitro monocyte macrophage assay.  
Blood 58 (Suppl 1): 88a, 1981 (Oral Presentation)

1982: Our first publication using our  MMA - to 
study phagocytosis of younger vs. older RBCs

N Engl J Med. 1982 Feb 4;306(5):281-6
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Early Beginnings (Con’t)
• 1983 – Our full publication validating 

the MMA 

Correlation of MMA with DAT and AIHA
• MMA distinguished between hemolysing and non-hemolysing patients 

independent of the degree of red cell sensitization as determined by the 
DAT when using phagocytosis as readout

• 16/16 patients with a positive DAT (0.5+ to 4+) and clinical evidence of 
hemolysis showed elevated phagocytic index (PRBC) (>2)

• 6/6 patients with a positive DAT (0.5+ to 4+) without clinical evidence 
of hemolysis did not show an elevated PRBC 

• 2/6 patients with a positive DAT following alpha-methyldopa therapy 
were hemolysing, 4 were not; the MMA correlated 100% with in vivo
findings

• 7/11 patients with DAT-negative acquired hemolytic anemia showed 
elevated PRBC index, indicating a possible immune etiology involving 
extravascular lysis

• 3/7 of these MMA positive DAT-negative patients only showed a 
significantly elevated PRBC when autologous monocytes were used

Conclusions

• MMA correlates 100% with in vivo 
hemolysis if using phagocytosis 
(phagocytic index (or PRBC) >2)

• It may be useful to use autologous 
monocytes
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MMA correlates with hemolysis 
independent from DAT

MMA can distinguish between hemolyzing
and non-hemolyzing antibody

MMA useful to study clinical 
significance of RBC alloantibodies
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Four Critical Points from Study

• Not all alloantibodies cause significant 
phagocytosis.

53% of the alloantibodies studied mediated significant 
phagocytosis in vitro. Significant phagocytosis was 
independent of the strength of the indirect antiglobulin test 

Not all “clinically significant” alloantibodies 
cause phagoctyosis

Four Critical Points from Study

• Use of autologous monocytes may be 
necessary to obtain correct 
significance 

Autologous monocytes were more reliable than random 
allogeneic monocytes in that phagocytosis was increased 
over that obtained using allogeneic monocyte-
macrophages with two of four alloantibodies having 
documented clinical significance
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Four Critical Points from Study

• Addition of fresh complement and 
homozygous target cells is important 
for certain alloantibodies 

The percentage of anti-Jka and anti-Fya mediating 
significant phagocytosis was increased when fresh 
complement was added during the sensitization procedure 
and/or red cells homozygous for the antigen in question 
were used

Four Critical Points from Study

• Where clinical data was available, the 
MMA would have predicted hemolysis 
or no hemolysis prior to transfusion 

The in vivo clinical significance or lack of significance was 
documented for nine alloantibodies; five caused hemolysis 
and four did not. Those causing in vivo hemolysis mediated 
in vitro phagocytosis by monocyte-macrophages whereas 
the antibodies that did not result in hemolysis showed no 
increased in vitro phagocytosis.

MMA correlates 100% with in 
vivo clinical data
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MMA useful for drug-induced 
clinical significance

Series of Important Abstracts
• BRANCH DR, Gallagher MT, Mison AP. In vitro blockade of monocyte-

macrophage (MØ) phagocytosis using I.V. gamma globulin (γG) 
preparations.  Fed. Proc. 44:1703, 1985

• Gallagher MT, Beatty BG, Beatty JD, Mison AP, BRANCH DR. The effect of 
pretreatment with liposomes on in vitro phagocytosis of sensitized red 
blood cells by human macrophages.  Fed. Proc. 44:1703, 1985

• Shulman IA, Thompson JC, Nelson JM, Vengelen-Tyler V, BRANCH DR.
Autoanti-Gerbich causing severe autoimmune hemolytic anemia.  
Transfusion 25:447, 1985

• BRANCH DR, Branch CA, Shulman IA, Nitsun M, Mison AP, Gallagher MT. 
Participation of cellular thiol/disulfide groups in Fc-receptor (FcR) mediated 
attachment and phagocytosis of IgG-coated target red cells.  Fed. Proc. 
45:1110, 1986.



10/13/2014

11

Branch DR, Gallahger MT.
Br J Haematol. 1986 Apr;62(4):783-5.

Summary of all results of MMA where good clinical data was available 
-complete correlation with clinical findings-

“Our current experience, although still limited, is encouraging.  
Thus far, we have correlated 100% using our in vitro monocyte-
macrophage phagocytosis assay system with the in vivo clinical 
significance or insignificance of 17 antibodies (four anti-Ge; two each 
anti-M, -Vel and –Jka; and one each anti-Lan, -Coa, -Jkb, -P, -Yta and –Ytb).  
These results suggest that use of an optimal monocyte-macrophage 
phagocytosis assay system can accurately reflect the clinical relevance 
of a given antibody-containing serum in vitro…”

Branch DR, Gallahger MT.
Br J Haematol. 1986 Apr;62(4):783-5

MMA can indicate suppressed 
macrophage function
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Newborn’s MMA activity greatly reduced 
compared to maternal and normal

Anti-D titer: 2048

MMA of normal newborns is similar 
to adult controls

University of Alberta
• Left COH in Dec/1985 – all work done on MMA while 

a Medical Technologist
• 1986 - Started PhD program in immunology at the 

University of Alberta
• Study of macrophages and cytokines
• Used mouse bone marrow-derived macrophages
• Published a number of papers on regulation of 

mouse macrophges by CSF-1 and TNFα
• Did not publish anything more on MMA until 2005 
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Others begin to use MMA

After about 20 years – he’s 
baack!

Transfusion. 2005 Mar;45(3):384-93
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MMA useful to identify phagocytosis 
inhibitors

Transfusion. 2007 Feb;47(2):290-8

Transfusion. 2007 Dec;47(12):2250-9

Transfusion. 2009 May;49(5):928-36

Drug discovery for inhbitiors
of phagocytosis

2nd Generation drugs

Second Generation
Drug: KB-57
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MMA can be used to study IVIg-
associated hemolysis

MMA Results on hemolyzing patient

Patient monocytes 
tested 6 days post
hemolytic episode

Other important studies
• 1987 – Nance et al. showed that MMA predicted clinical 

outcome of transfusion for all 12 patients’ antibodies to 
high frequency antigens examined  
Transfusion 1987;27(6):449-52

• 1989 – Nance et al. showed in 16 women that MMA was 
more predictive than amniotic fluid analysis in HDFN 
requiring transfusion 
Am J Clin Pathol 1989;92(1):89-92

• 2004 – Arndt and Garratty found with 46 patients that the 
MMA was 100% accurate in predicting a non-significant 
antibody 
Transfusion 2004;44(9):1273-81
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MMA track record
• Results using MMA have been published since 1981

[ I myself have17 pubs;12 abstrs ]

• Early work with AIHA and DAT+ indicated MMA 
predictive for clinically significant and insignificant 
antibodies

• Subsequent work with alloantibodies indicates MMA 
useful for predicting clinical significance

• MMA has been used occasionally over the years in 
donor selection for certain patients

Since 1988, 33/37 
antibodies with 
documented clinical 
significance or 
insignificance show
concordance with MMA

Does not include the 17
alloantibodies we reported
in 1986 (50/54)

Summary
• MMA use going on 4 decades 

• Early and subsequent work showed efficacy of MMA to accurately 
predict in vivo antibody clinical significance or insignificance

• Not many reference laboratories using MMA – more should set it up

• MMA useful for:
– Deciding on clinical significance of autoantibodies irrespective of strength of DAT
– Deciding on clinical significance of red cell alloantibodies 
– Selection of blood for transfusion to individuals having antibodies to high frequency 

antigens
– Deciding on clinical significance of drug-related antibodies
– Investigation of mononuclear phagocyte function

• Resolving problems where suspected clinically significant antibodies do not cause hemolysis
• Investigation of hemolysis where serologic findings are negative
• Identification of phagocytosis inhibitors
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Thank You
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