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Learning Objectives

1) To understand the rationale behind tests to assess the 
complement fixing abilities of HLA antibodies.

2) To discuss the clinical impact of complement fixing HLA 
antibodies in solid organ transplant recipients.

3) To recognize the limitations of complement fixation assays.
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The Beginning…





Human Immunology 79 (2018) 424–431



“Because of its association with preformed antibodies to HLA in recipients, vascular 
presence of complement fragment C4d has finally been assumed to represent an 

otherwise undetectable humoral immune reaction against graft endothelial cells.”



Kidney International (2012) 81, 628–639



Problems with C4d as THE marker of AMR

• Difficulties of interpreting focal staining patterns (especially in 

lungs)

• Relatively low sensitivity (i.e. C4d negative AMR)

• Accommodation (e.g., in ABO incompatible recipients)

• AND-AMR has already begun….
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Kaplan Meier Analysis of graft outcome according to post-transplant DSA-MFI and complement-binding status
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Figure 1:  Relation between MFI and complement-binding activity of de novo DSA. 

All samples pre-treated with EDTA
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Figure 1:  Relation between MFI and complement-binding activity of de novo DSA. 

All samples pre-treated with EDTA



Complement is Activated by IgG Hexamers Assembled at the Cell Surface 

Science (2014) 343:1260-1263 

Lys322 C1q binding site

IgG1 hexamer

Surface

C1q

hexamerLysis





J Am Soc Nephrol 29: 620–635, 2018

17% 32%

56%19%







CONCLUSIONS
• Strong association between DSAs that bind complement 

(C1q, C3d, C4d) and graft loss/graft dysfunction.

• MFI levels (EDTA) typically correspond with their ability to 

fix complement

• In-vitro complement binding is not synonymous with  in-

vivo complement binding.

• Concentration

• Conformation

• Continuum

• DSAs can mediate graft damage via complement-

independent mechanisms. 



CONCLUSIONS

• Published evidence supports the following 

recommendations.

• Pre-transplant: 

• Routine - Not indicated

• Selected Indications – Yes

• Post-transplant:

• – Routine monitoring – Not indicated 

• - Selected indications - Maybe

• Rather than merely identifying whether antibodies fix 

complement,  a better strategy would be to focus on 

strategies to mitigate their pathogenesis.
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STAR2:  Antibody Attributes Report

Howard Gebel, Kathryn Tinckam, Michael Mengel, Elaine Reed

February 18, 2019

1. Complement fixation assays (Humans; in vivo and in vitro studies)

Known:                                                                                                                       

Current assays focus on whether a DSA fixes complement (C1q,C3d, C4d) and have correlated 

that attribute with a greater likelihood that recipients will develop AMR and have a higher 

incidence of graft loss. The studies tend to be retrospective and population based. Most of 

the studies reveal a strong association between complement fixation and MFI levels/ab titers 

of the antibodies with high MFIs/high antibody titers being predictive of C’ fixation. There 

appears to be a distinct (specific?) molecular signature for AMR that occurs in the context of 

complement fixing antibodies and therapeutic strategies designed to avert such AMR are 

warranted. 

Needed:                                                                                                                            

a. Intervention/outcome studies-who/how frequently to monitor/what types of 

intervention/endpoints (in vivo).

b. Biochemical analysis of antibody attributes associated with function (e.g., sialyation status 

of DSAs). Baseline studies of Class I vs class II antibodies with high vs low MFIs; at times of 

detection/at times of AMR; impact of sialyation (and de-siaylation) in vitro assays; translation 

to clinical trials.



2. HLA Antibody Subclass 

Known:

Different routes of allosensitization trigger distinct patterns of IgG subclasses directed against HLA.  Cell 

based and solid phase assays testing for HLA antibodies, traditionally identify antibodies of the IgG isotype. 

The CDC assay identifies high titered HLA antibodies that initiate the complement cascade culminating in 

the MAC complex and potential cell death.  Single antigen and flow crossmatch assays are more sensitive 

and detect binding of HLA antibodies to donor cells. These assays do not distinguish between complement 

activating IgG1 and IgG3 subclasses from the weaker complement activating IgG2 and IgG4 subclasses of 

IgG.  Preliminary studies of HLA antibody subclasses suggests that IgG2 and IgG4 do not constitute a large 

proportion of HLA DSA; HLA IgG1 and IgG3 are the predominant subclasses associated with graft rejection/ 

graft loss.  However, the hypothesis has been put forth that donor specific IgG2and IgG4, (later class switch 

subclasses) represent a chronic humoral response with active T cell help.  The current single antigen class I 

and class II IgG subclasss antibody identification assays suffer from lack of specificity The concentrations of 

the different IgG subclasses cannot be directly compared to relative abundance of each subclass.  The 

sensitivities of the IgG subclass single antigen assay are different.  Most patients make a mixture of HLA DSA 

subclasses making it difficult to determine significant differences in incidence of HLA subclass and 

transplant outcome. 

Needed:  

a. Laboratories must develop robust assays that provide information on the different strengths/titers of IgG 

antibody subclass. 

b. The mechanisms of graft injury by different subclasses are unknown and need to be confirmed in 

experimental transplant models and in situ in allografts. 

c. Studies are needed to assess the treatment of strategies to prevent or manipulate IgG subclass diversity 

to prevent graft injury and rejection.  

d. Data are needed to understand the details of IgG subclass specification by cytokines and other signals.  



3. HLA Antibody and Outside In Signaling
Known:

Crosslinking of HLA is a universal function of HLA I and II antibodies irrespective of subclass and triggers 

outside in signal transduction and endothelial cell survival, proliferation and migration. Outside in 

signaling also mobilizes Weibel-Palade bodies, externalizing P-selectin to the endothelial cell surface and 

supports monocyte tethering through PSGL-1. Complement fixing subclasses of DSA can concurrently 

engage FcgR to amplify P-selectin-mediated adhesion of monocytes. P-selectin-PSGL-1 and antibody-FcgR

interactions promote firm adhesion to ICAM-1 by activating monocyte MAC-1 integrin in the monocyte. 

HLA recruits co-receptors such as integrin b4 for HLA class I to form protein:protein complexes to 

transduce intracellular signals via Src/FAK/mTOR and mediate endothelial cell proliferation, migration and 

protein synthesis.  HLA outside in signaling in endothelial cells causes actin cytoskeleton remodeling via 

Src/FAK/Rho to mediate ICAM-1 clustering enabling firm adhesion of monocytes.  The capacity for HLA 

antibodies to induce outside in signaling is dependent upon HLA antigen expression on graft cells and HLA 

antibody titer and affinity/avidity. The mTOR signaling axis is activated by HLA class I and class II antibodies 

and represents a viable diagnostic criteria for AMR and therapeutic target to reduce endothelial cell 

activation during antibody-mediated rejection.                                                                                                                   

Needed: 

a. Studies testing different IgG subclasses, titer and specificities of HLA class I and class II antibodies to 

better understand which qualitative aspects of the DSA are most relevant for the outcome (ie. leukocyte 

recruitment, cell survival, cell proliferation & migration, complement activation) and the pathology 

caused.                                                                                                                      

b. Clinical trials to assess the effect of signal transduction inhibitors such as mTOR on HLA class I and class 

II –mediated outside in signaling pathways in acute and chronic AMR. 

c. In vivo studies assessing the role of signal transduction inhibitors on leukocyte recruitment including NK 

cells and monocyte/macrophages.  

d.  Assessing the role of P-selectin-PSGL-1 and antibody-FcgR interactions in monocyte recruitment in in 

vivo experimental and human models of AMR.                                                                                                                 

e.  Further corroboration that signaling pathways elicited by outside in HLA signaling (i.e., p70S6K and 

pS6RP) are potential biomarkers and drug targets for ABMR.



4. Leukocyte recruitment and recipient FC receptor genotype.
Known: 

A hallmark of AMR is the presence of intracapillary mononuclear cells in the allograft.  

Interactions between endothelial-bound IgG and myeloid and NK cell FCgRs facilitate tethering 

and adhesion of leukocytes in autoimmune inflammation and in response to HLA antibodies.  

Intragraft macrophages have a proinflammatory phenotype during acute rejection and a 

repair/profibrotic phenotype during chronic rejection suggesting that macrophage effector 

functions differentially contribute to acute and chronic rejection.  Endothelial cells exposed to 

HLA antibodies produce cytokines and growth factors that can signal in an autocrine and 

paracrine manner and promote inflammation.  Data from in vitro experimental assays indicate 

that FCGR2A polymorphisms (H131 vs R131) on monocytes govern interactions with distinct 

HLA IgG subclasses. Retrospective human studies suggest that FCGR2A polymorphisms 

constitute a risk factor for graft loss following kidney transplantation when anti-HLA antibodies 

are present.  Similarly, the FcgRIIIA V158 high-affinity allele (CD16a) expressed on NK cells could 

enhance the ability of anti-HLA DSA to trigger inflammation in the microcirculation, resulting in 

adverse long-term allograft outcomes.

Needed:

a. Studies to understand the mechanistic role of graft infiltrating leukocytes in AMR.

b. Studies are needed to understand interplay between HLA DSA titer, subclass, activated 

complement split products, Fc receptor polymorhphism and mechanisms of graft injury 

by infiltrating cells. 

c. There are currently no therapies aimed at preventing leukocyte recruitment or 

function of leukocytes infiltrating the allograft. 

d. Larger prospective studies are needed to define the impact of FCgR polymorphisms on 

long-term graft outcomes.  If confirmed, risk assessment for AMR may include 

determining recipient FcgR polymorphisms and the IgG subclass of DSA. 



CONCLUSIONS

1. Strong association between  DSAs that bind complement (C1q, C3d, C4d) and 

graft loss/graft dysfunction.

2. MFI levels of DSA typically correspond with their ability to fix complement.

3.  In vitro complement binding does not equal in vivo complement binding.

4. DSAs can mediate graft damage by complement  independent mechanisms 

5. Insufficient evidence to warrant routine (and costly) testing to determine 

whether HLA antibodies fix complement.

6. Rather than merely identifying whether antibodies fix complement,  a better 

strategy would be to focus on strategies to mitigate their pathogenesis.
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ROC AUC = 0.869

ROC AUC = 0.938    p = 0.001ROC AUC = 0.820

ROC AUC = 0.961  p = 0.01





Solid Phase Assays



from Acute and Chronic AMR: A continuum or distinct diseases?
FDA Workshop 

Antibody Mediated Rejection in Kidney Transplantation April 12,  2017 Silver Spring MD 





Fc Receptors – role in disease



Rubin Zhang CJASN 2018;13:182-192



“C1q binding might simply be an indirect measure 
of the strength of the antibody.”

“When deciding to implement C1q DSA testing, 
programs need to consider the burden of extra 
testing as opposed to using MFI data already 
available.”

Burden = $$$s





from Acute and Chronic AMR: A continuum or distinct diseases?
FDA Workshop 

Antibody Mediated Rejection in Kidney Transplantation April 12,  2017 Silver Spring MD 



Long-term solid organ allograft survival rates 

OPTN/SRTR 2016 Annual Report

Renal LiverHeart

- Late allograft loss is an increasing focus area for improving outcomes

- Mechanisms of chronic rejection are an increasing focus to improve long-

term graft survival

- Antibody-mediated rejection (ABMR) is recognized 

as an immunologic driver of chronic rejection

???
Keep or 
discard?



Adapted from Gebel and Bray.  Transplantation Reviews 20: 189-194, 2006

Anti-IgGHLA alloantibody

Suspension Arrays

Solid Phase HLA antibody detection

Anti-IgG-FITC (or PE)



Issues with Flow Cytometric Crossmatch 

Antigen masking/density 

Relies on adequate numbers of viable cells

Low specificity (false positives)
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Arthritogenic Murine Model
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J. Clin Invest 127:2492-2504, 2017



CONCLUSIONS

1. Multiple articles  report a strong association between  DSAs that bind 

complement (in solid phase assays detecting C1q, C3d, C4d) and graft loss/graft 

dysfunction.

2. Majority of published literature indicates that MFI levels of DSA correspond 

with their ability to fix complement.

3.  In vitro complement binding does not equal in vivo complement binding.

4. DSAs can mediate graft damage by complement  independent mechanisms 

5. Evidence is insufficient to warrant routine (and costly) testing to determine 

whether HLA antibodies fix complement.

6. Studies focused on stratgeies…
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All samples pre-treated with EDTA

Figure 1: Relation between MFI and complement-binding
activity of de novo DSA. 



Am J Transplant. 2018;18:2934–2944.

“…these findings suggest that the C3d test provides little discriminatory value, nor is it 

cost effective, in the risk stratification of strong antibodies where the conventional MFI  

strength already exceeds the predicted threshold for a positive signal on the assay.”



All samples pre-treated with EDTA

Figure 1: Relation between MFI and complement-binding
activity of de novo DSA. 
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