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Why use animal models to study 
transfusion medicine?

ÅWhy do we use models?

ÅWhat are the advantages and limitations?

ÅWhat have we learned?



Aviation



Use of models

Advantages:

ÅCheaper

ÅDirectly test hypotheses

ÅAccess to a variety of tools

Disadvantages:

ÅMay not recapitulate the exact situation clinically

ÅMay lead one down the wrong path



Models





Clinical studies

Clinical studies:

ÅDetermining the consequences of an intervention:
ïDoes drug X help with condition Y?

ÅRestrictive versus liberal transfusion thresholds

Can be challenging when seeking to understand some mechanisms:

ÅWhat cell(s) initiate RBC alloimmunization?
ïTypically employ in vitro studies



Mechanistic human studies
(typically in vitro)

Advantages:

ÅHuman (and therefore patient centered)

ÅProvides corollary data to mechanistic in vivo studies

Disadvantages:

ÅDifficult to know if the same players are involved in vivo

ÅPrimarily only assess the peripheral blood compartment

ÅObservations often made after immunizing event has already 
occurred



In vitro human studies

B cell AntibodyCD4 T cell



In vitro human studies

Stowellet al, Nature Medicine 2010;16:295-301.

Stowellet al, Journal of Immunology 2008;283: 10109-23. 

Stowellet al, Blood 2007;109:219-27. 



The systemic nature of the immune system



Immune architecture in vivo





In vitro human studies

B cell Antibody

Lymph node

CD4 T cell



In vitro human studies

B cell Antibody

Lymph node

CD4 T cell



Neutrophil

Unknown cell

Dendritic cellMacrophage

Mast cell



Marginal Zone 

B cells

Follicular

B cells

B1

B cells



SpleenLymph node

Mucosal

lymph tissue
Liver



Murder on the Orient Express



Actual site of an immune response:  
very complex



Have animal models been useful?

Discovery of B cells
(Max Cooper ςchickens)

Discovery of antigenic 
variation between species
(Karl Landsteiner ςmice, ducks, cows)

Discovery of the Major 
Histocompatibility complex
(George Snell ςmice)

Discovery of T cell restriction
(Rolf Zinkernagelςmice)

T cellsB cells



Why have animal models not been used to study 
the immune consequences of transfusion?

ÅAntigenic differences between mice can cause an immune 
response following transplantation.

ÅRBCs from different mice do not possess antigenic differences 
that routinely induce an immune response following transfusion.



Using transgenicsto generate models of RBC 
transfusion

b-globin 

promoter
 KEL

KEL RBCs



Antibody response to transfused KEL RBCs is 
inhibited in splenectomizedrecipients



Spleen and transfusion

Is the spleen involved clinically?

ÅWhat about sickle cell patients
ïSpleen function is not really known

ï Infection risk could be a result of many different factors

ïHydroxyureaand transfusion cause regeneration of the spleen

Saslawet al, N EnglJ Med 1959: 261;120-125.



Spleen and transfusion

SplenectomizedIntact spleen
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Rowley et al, J Immuno1950: 65;515-521. 
Saslawet al, N EnglJ Med 1959: 261;120-125.

Evers et al. AJH 2017



Transfused RBCs localize with marginal zone B cells

Merge



Depletion of MZ B cells prevents RBC alloimmunization



Model:  Key players in RBC alloimmunization

Calbaroet al. 
JEM2016

Arthur et al. 
Blood2016

Zerraet al. 
Blood2017

Desmarteset al. 
Blood2011

Arnejaet al. 
Haematologica

2016

Richards et al. 
Transfusion 2016

Gibb et al. 

JI 2017

Liu et al. 

Blood2017



MZ B cells possess a more limited repertoire 
of antibody specificities

5 KEL-specific B cells

2 KEL-specific B cells

Non-responder

Responder



Platelet refractoriness

Å72 yo male with myelodysplastic syndrome

ÅPresented with mucosal bleeding

ïPlatelet count < 4K/mL

ÅReceived platelet transfusion

ïNo change in platelet count (still < 4K/mL after transfusion)

ÅPrimary team requested HLA-matched platelets
ïAnti-HLA alloantibodies detected

ÅPatient received  HLA cross-matched platelets with an 
appropriate response



Platelet refractoriness

Å Inappropriately low platelet count increment following 
platelet transfusion (corrected count increment < 5000/m2/mL)

Å Immune-mediated:
ïDue to anti-HLA and/or anti-plate glycoprotein (HPA) alloantibodies

ÅTreated with HLA or HPA matched or cross-matched platelets

ÅNon-immune:
ïSepsis, Fever, Splenomegaly, Bleeding, DIC, etc.

ÅSome patients may appear to be refractory without a non-
immune cause:
ïNo anti-HLA and anti-platelet glycoprotein alloantibodies detected

ïAlloantibodies detected, but no response to HLA or HPA compatible 
platelets



Platelet refractoriness



Immune Thrombocytopenia (ITP)

Passive administration of plasma from patients with ITP into healthy 
subjects resulted in transient thrombocytopenia

(Harrington et al. J. Lab. Clin. Med. 1951)



Platelet refractoriness



Platelet refractoriness

Patients developed platelet refractoriness without detectable 
anti-platelet antibodies

1 out of 11 IVIg-treated patients exhibited an enhanced response to
random donor platelet transfusion 



Model of Platelet Refractoriness

Platelets: FVB

Transfuse:

FVB GFP 

platelets
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B6 class I: H-2Kb

FVB class I: H-2Kq



Modeling Platelet Refractoriness

A
n

ti
-I

g
G

FVB platelets B6 platelets
A

n
ti

-I
g

G

S
S

C

GFP

Non-immun. FVB immun.

B6GFP

plts.
T
ra

n
s
fu

s
e
:

FVBGFP

plts.

Recipients: B6 WT mice

Immun. =

Immunized

plts. =

platelets



A
n

ti
-I

g
G

FVB platelets B6 platelets
A

n
ti

-I
g

G

S
S

C

GFP

Non-immun. FVB immun.

B6GFP

plts.
T
ra

n
s
fu

s
e
:

FVBGFP

plts.

Examining platelet refractoriness in 
B cell deficient recipients

Recipients: B6 mMT B cell deficient mice
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CD8+ T cells can mediate platelet refractoriness

mMT = mice with reduced B cell numbers
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CD8+ T cells can mediate platelet refractoriness



Incompatible RBC transfusion



Studies examining the consequence of incompatible 
transfusion

Mener et al. 
Transfusion2017

Sullivan et al. 
Blood2017

Arthur et al 
Blood 2016

Patel et al. 
Blood advances

2018

Maier et al. 
Blood advances

2018



Delayed hemolytic transfusion reactions 
(DHTRs) and hyperhemolysis
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Delayed hemolytic transfusion 
reactions (DHTRs)



Hyperhemolysis



Delayed type transfusion reactions 
in sickle cell disease

DHTRs in patients with sickle cell anemia:  
1/1000 RBC transfusions



4.3% of all episodic transfusions resulted in a DHTR

11% of all patients who experienced a DHTR died

Consequences of delayed hemolytic 
transfusion reactions with hyperhemolysis



Current perceptions regarding the 
frequency of DHTRs

Relative frequency

Allergic FNHTR TACO DHTR TRALI ABO HTR Anaphylactic

Allergic reaction

Febrile non-hemolytic 
transfusion reaction

DHTRs



Changes in the perceptions of the 
frequency of DHTRs

Relative frequency

Allergic FNHTR TACO DHTR TRALI ABO HTR Anaphylactic

Allergic reaction

FNHTR reactionDHTRs



Acute chest syndrome (ACS)

Hemin Complement

Satheesh Chonat

ACSACS



Examining the role of complement in 
acute chest syndrome

Hemin Evaluate for 

acute chest 

syndrome

HbSS or HbAA

mice treated with 

or without cobra 

venum factor (CVF)



Sickle cell mouse response to 
cobra venom factor  (CVF)
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Evaluation of alternative complement activation 
in patients with ACS

4-8 weeks

Re-evaluate patientPatients with ACS



Alternative complement activation during ACS



Treatment of hyperhemolysiswith eculizumab 
(C5 inhibitor)? 

Bb (mg/ml): 0.95 6.06 0.96

HGB: hemoglobin

ARC: absolute 

reticulocyte count

LDH: lactate 

dehydrogenase

14 yo female with sickle cell disease



Delayed hemolytic transfusion reactions 
(DHTRs) and hyperhemolysis



Anesthesiologist Surgeon 1 Surgeon 2

Working together to help patients 
(now and efforts to improve care in the future)



Basic scientist Translational researcher Clinician

Working together to help patients 
(now and efforts to improve care in the future)



Chemical engineer Anesthesiologist
Surgery (General, 
Trauma and CT)



Clinical 
studies

Animal 
models

In vitro

studies

Biomedical research: Iterative process with many different 
άǎǇŜŎƛŀƭǘƛŜǎέ ǘƘŀǘ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ǘƻ ŜƴƘŀƴŎŜ ŦǳǘǳǊŜ ŎŀǊŜ



Translating basic science research

P-selectin
discovered

(1984)

Ligand 
discovered

(1992)

P selectinKO 
(2002)

Drug 
developed

(2010)

Phase 2 
clinical 
studies 
(2013)

32 years!

Richard 
Cummings



Translating basic science research

Ataga et al. NEJM 2017




