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SUMMARY

The impact of donor specific HLA antibodies (DSA) on solid organ trans-
plant outcomes has been recognised for over half a century. This article
reviews the mechanisms of DSA formation, details the laboratory methods
for detecting DSA, discusses the clinical and histological manifestations of
DSA in the allograft and explores the options for management of DSA.
The challenges posed by pre-existing and de novo DSA are explored with
current therapeutic strategies described. A method for stratifying the risk
associated with pre-existing DSA is explained and the importance of
understanding immunological risk associated with transplantation to facili-
tate optimal personalised decision making for transplant recipients is high-
lighted. Future directions for further managing the risk associated with
DSA are proposed.
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Solid organ transplantation is the definitive treatment

for end-stage cardiac, hepatic, nutritional, pulmonary

and renal failure. There are myriad issues which must

be faced to achieve successful transplantation: those of

performing major anaesthesia and surgery on a physi-

ologically fragile recipient, those of optimising donor

quality, those related to organ preservation and the

immunological hurdles which must be surmounted

when a genetically non-identical organ is transplanted

into a recipient. The latter is a particular challenge.

The majority of the earliest solid organ transplants

failed as a consequence of either rapid aggressive

alloimmune injury or because the recipient succumbed

to infection following attempts to attenuate the

alloimmune response [1,2]. It is now understood that

this early injury to the allograft was driven by pre-

existing donor specific antibodies [3]. In this review,

we discuss the mechanisms by which donor specific

antibodies are produced, their histopathological and

clinical manifestations and options for managing the

associated risk.

Donor specific antibodies

Donor specific antibodies are defined as antibodies

which are complementary to a region of a peptide in

the donor which is not present in the recipient i.e. the

peptide region is considered non-self by the recipient’s

immune system. Donor specific antibodies (DSA) can

develop to any polymorphic protein which differs

between donor and recipient. In transplantation, the

term DSA is commonly used to refer to antibodies

specific for donor HLA which are foreign to the recipi-

ent, but DSA can also exist to foreign donor ABO
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antigens and to other non-HLA antigens. The focus of

this manuscript will be on HLA DSA.

The importance of HLA DSA in transplantation has

been recognised for over 50 years [3]. The function of

HLA is to present peptides from the intracellular and

extracellular compartments to T lymphocytes, facilitat-

ing recognition of foreign proteins and the initiation of

an immune response against pathogens and dysplastic

cells [4]. The CD4 T lymphocytes activated by this pro-

cess play a key role in providing help to B cells during

the process of antibody generation [5]. Non-self HLA is

an extremely potent stimulus of the humoral response;

this is likely to be attributable to the high level of

expression of HLA by donor cells generating multiple

opportunities for allorecognition to occur [6].

Mechanisms of DSA production

The initial step in HLA antibody generation is exposure

to a non-self HLA peptide which is recognised by a B

lymphocyte; this process is known as sensitisation. Sen-

sitisation to non-self HLA can occur via pregnancy

(sensitisation to paternal HLA), transplantation, homo-

grafts or blood transfusion (sensitisation to donor

HLA). HLA antibodies have also been detected in some

individuals who have not had sensitising events; this

may reflect cross reactivity between antibodies which

are formed to pathogens and HLA [7,8]. Sensitisation

alone, however, does not always result in the generation

of antibodies [9,10]. Two theories of immune activation

exist: the non-self theory and the danger theory [11]. It

is plausible that alloimmune activation requires a “dou-

ble hit” and that HLA DSA are generated when a

threshold is exceeded (Fig. 1). In recipients who have

identical HLA to their donors, no amount of danger

signal is going to result in the generation of HLA DSA

because there is no non-self stimulus and it is recog-

nised that there may be hyporesponsiveness of the

immune system to non-self HLA in the absence of a

danger signal [12]. The early period after solid organ

transplantation provides a perfect storm for the initia-

tion of antibody development; the danger signal is stim-

ulated by surgery and the implantation of an organ

injured by the process of donation and preservation and

there is a strong non-self signal from highly expressed

foreign donor HLA. The variation in danger signal

between transplants is a simple concept to grasp; a criti-

cally ill, ventilated patient who receives lungs donated

after circulatory death is likely to mount a greater

inflammatory response than a renal transplant recipient

receiving a pre-emptive transplant from a young living

donor with a short ischaemic time. There is also vari-

ability in the non-self signal; an understanding of anti-

gen-antibody interaction is necessary to appreciate this.

An antibody is specific for a non-self eplet. Eplets are

polymorphic 3 �A regions on the exposed surface of an

antigen which are comprised of amino acids that are in

close proximity on the antigen surface (Fig. 2) [13]. An

eplet consists of approximately three amino acids so an

HLA class I molecule has a large number of distinct

eplets. Each individual is tolerant to their self eplets.

Antigenicity is the likelihood that an antigen will be

recognised as foreign by the immune system and the

antigenicity of a single HLA antigen mismatch in trans-

plantation varies according to the recipient’s self HLA

and the mismatched donor HLA [14]. The number of

foreign eplets in the donor HLA partly explains this. An

association has been demonstrated between the number

of donor HLA eplet mismatches and the risk of DSA

development after transplantation [15,16].

A greater number of non-self eplet mismatches

increases the potential antigenicity of an allograft, but

the concept of immunogenicity must also be considered.

Immunogenicity is the likelihood that a foreign eplet or

antigen will be recognised by the immune system and

induce a destructive immune response. The electophysi-

cal properties of an amino acid polymorphism within

an eplet influence the affinity of the antigen-antibody

complex [17,18] by facilitating the initial interaction

between eplet and antibody and allowing non-covalent

bonds to form [19]. Differences in electrostatic potential

between polymorphic amino acids in donor-recipient

pairs have been shown to correlate with both the devel-

opment and amount of HLA DSA [20,21].

Another factor which may influence immunogenicity

is the epitope that is associated with a particular eplet.

While antibody specificity is determined by the eplet,

there is a larger region around the eplet which also
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Figure 1 A threshold model for generation of HLA donor specific

antibodies by the recipient immune system.
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makes contact with the antibody footprint; this is called

the epitope (Fig. 2). There are some key amino acid

positions within the epitope where interaction with the

antibody footprint influences the stability of the anti-

gen-antibody complex [21,22]. It has been shown that,

while amino acid polymorphisms in these regions do

not affect the antibody specificity, these variations can

influence the capacity of an antibody to bind and initi-

ate a destructive immune response [22–24].
A description of the cellular processes involved in

DSA generation is beyond the scope of this manuscript

but these have been described eloquently elsewhere [25].

Methods of DSA detection

There are a number of methods for detecting HLA anti-

bodies in the laboratory. These differ according to the

source of the HLA antigens, the type of antibody

detected (immunoglobulin class, complement fixing)

and the implications of a positive result for transplant

outcomes (Table 1). A positive complement dependent

cytotoxic (CDC) crossmatch in the presence of HLA

DSA is specific for a high risk of early allograft loss but

lacks sensitivity for detecting low titre or non-comple-

ment fixing DSA [3] while Luminex single antigen bead

(SAB) testing is extremely sensitive for DSA detection

but has a less rigorous association with alloimmune

injury and allograft survival [26]. Despite this reduced

specificity, detectable DSA by Luminex alone prior to

transplantation does confer an increased risk of anti-

body mediated injury and recipients receiving trans-

plants in this context should be monitored closely.

Luminex SAB testing has the advantages of not requir-

ing donor cells, determining HLA antibody specificity

and facilitating eplet analysis of an antibody profile

[27]. Most HLA laboratories employ a combination of

Luminex (bead based) and cross match (cell based)

methods when assigning immunological risk.

There are a number of adaptations which can be

made to the Luminex assay to provide further informa-

tion about the antibodies that are present. Although

Luminex is normally used to test for IgG antibodies in

the serum, the assay can be modified to allow detection

of other immunoglobulin classes. In addition, it may

also be used to determine IgG subclass. There are four

recognised subclasses which vary in their capacity to fix

DQB chain

DQA chainPeptide binding 
groove

Eplet

Epitope

Figure 2 Diagram to illustrate the concept of eplets and epitopes. This model of the DQ7 HLA (peptide chains encoded by DQA1*05 and

DQB1*03:01) shows the 45EV eplet in black. This has a corresponding Terasaki eplet (TerEp 2001) confirming its immunogenicity in vivo. The

blue area on both the DQA and DQB chains surrounding the eplet represents the epitope. An antibody specific for the 45EV eplet will make

contact with the amino acids contained in the larger blue region when it binds to the HLA at 45EV. This homology model was generated

within Swissmodeller and considers the area for a structural epitope to be within 15
��A of the eplet. Resolved X-ray crystallography structures

(2NNA, 1S9V, 402F, 5KSV, 4DBP) were used as templates (all templates had a resolution of 2.7 �A or less) for alignment of HLA allele sequence

data (obtained from https://www.ebi.ac.uk/ipd/imgt/hla/) in Swissmodeller (https://www.swissmodel.expasy.org/); mean sequence homology

was >95%, quality of the generated homology model was assessed by QMEAN and Ramachandran plots.
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complement and interact with Fc receptors on

immune cells; IgG1 and IgG3 are considered to be

potent complement activators while IgG2 and IgG4

are less effective at initiating the complement cascade

[28]. A number of groups have identified an associa-

tion between the IgG subclass of DSA and specific

phenotypes of allograft injury [29–31]. A further char-

acteristic of antibodies which can be assessed by

Luminex technology is the ability of antibodies to fix

complement; the methods most commonly employed

detect the C1q, C3d or C4d products of activation of

the classical complement pathway following the addi-

tion of complement to the Luminex assay. In heart

and lung transplantation, there has been an associa-

tion reported between pre-transplant complement fix-

ing DSA and antibody mediated rejection and early

allograft loss respectively [32,33] while in kidney

transplantation, the development of complement fix-

ing DSA after transplantation has been associated with

an increased risk of antibody mediated rejection [34].

It is important to acknowledge that there are a num-

ber of factors which influence the interpretation of

complement-fixing assays including antibody titre,

complement inhibitors and antibodies to denatured

epitopes [35].

Another adaptation to the Luminex assay involves

the antibody source. Conventionally, serum is used as

the source for HLA antibodies but it is also possible

to test eluates from allograft biopsies for the presence

of DSA. A small number of studies have suggested

that intragraft DSA may be more specific for allograft

injury than DSA detected in the serum [36,37].

Non-HLA antibodies can also be detected by a

number of methods. There are well established meth-

ods for identifying blood group antibodies in blood

transfusion laboratories. There are also platforms

available to detect antibodies to other non-HLA anti-

gens, but the association between the presence of

such antibodies and transplant outcomes has not

been conclusively demonstrated [27]. It may be that

with the development and standardisation of testing

for non-HLA antibodies that their role in transplant

outcomes, and subsequently the place of testing for

these antibodies in solid organ transplantation, will

be clarified.

Manifestations of DSA in the allograft

There are a number of possible manifestations of the

interaction of DSA with the endothelium of the trans-

planted organ.T
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Complement activation

When DSA bind to the graft endothelium, activation of

the classical complement pathway results in the forma-

tion of anaphylatoxins which attract leucocytes into the

graft, the production of complement proteins which

opsonise donor cells, the stimulation of cytokine pro-

duction and ultimately in the generation of the mem-

brane attack complex (MAC) [38]. The MAC causes

direct injury to the transplant by inducing cell lysis. His-

torically, the classical feature of antibody mediated rejec-

tion has been positive staining for C4d (a product of the

classical complement pathway) on allograft biopsies [39–
42] (Fig. 3a). The capacity of DSA to activate comple-

ment depends upon their class, with IgM and IgG being

the most effective complement activators, and their IgG

subclass, with IgG1 and IgG3 being the most potent ini-

tiators of the classical complement cascade [29,43].

Antibody-dependent cell mediated cytotoxicity

The recognition of C4d-negative antibody mediated

rejection (Fig. 3b) highlighted the existence of a comple-

ment-independent mechanism of DSA mediated injury

to the transplant [40,44]. The majority of work in C4d

negative antibody mediated rejection is in kidney trans-

plants where C4d positivity is not an essential criteria

for the diagnosis of antibody mediated rejection [39],

but C4d negative antibody mediated rejection has also

been reported in other solid organ allografts [45,46].

Antibody dependent cell mediated cytotoxicity (ADCC)

occurs when the Fc portion of a DSA bound to the

d. 

(b)(a)

(c) (d)

Figure 3 Histological manifestations of donor specific antibodies in the renal allograft. (a) Diffuse peritubular capillary staining for C4d (IF 59).

(b) Glomerulitis and peritubular capillaritis in a renal allograft (PAS 209); inset showing C4d immunofluorescence with no peritubular capillary

staining (IF 109). (c) Chronic antibody mediated rejection in a renal allograft: interstitial fibrosis and transplant glomerulopathy (Trichrome 59).

(d) Chronic antibody mediated rejection in a renal allograft: glomerular capillary wall double contouring and segmental glomerulitis (PAS 209);

inset showing artery with intimal proliferation (Trichrome 209).
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transplant endothelium interacts with the Fc receptor on

a leucocyte, usually a natural killer cell. This results in

the formation of an intercellular synapse that allows the

natural killer cell to induce apoptosis of the associated

graft endothelium and stimulate the secretion of cytoki-

nes which recruit other inflammatory cells to the site

[47]. Microvascular inflammation which occurs in the

presence of DSA, but in the absence of C4d positivity,

may be driven by this manifestation of DSA [47,48].

Endothelial cell dysfunction

The binding of DSA to the graft endothelium activates

signalling cascades which modify endothelial cell func-

tion by changing the cytoskeleton, promoting cell pro-

liferation and enhancing the binding of monocytes to

the endothelium [49,50]. These manifestations con-

tribute to the intimal proliferation and fibrosis which

characterise chronic antibody mediated injury in solid

organ transplantation (Fig. 3c,d) [44,51].

Accommodation

There are occasions when there is evidence of DSA bind-

ing to the graft endothelium without signs of allograft

injury or inflammation; this is known as accommoda-

tion. This phenomenon is most commonly reported in

ABO incompatible transplantation when there is return

of the donor-specific AB antibodies after transplantation,

there is evidence of C4d positivity on graft biopsy, but

there are no clinical or histological manifestations of

allograft injury [52]. The process behind accommoda-

tion is not well understood but is clearly of great inter-

est. In cases where there are detectable DSA but no

evidence of histological damage, it is also possible that

there is early allograft injury present but that this falls

below the threshold of detection of current technologies.

Clinical manifestations of DSA

The clinical syndromes associated with DSA-mediated

injury to the allograft can be classified according to timing.

Hyperacute rejection

This is irreversible immunological injury which occurs

within minutes to hours of organ perfusion. Hyperacute

rejection is usually attributable to the presence of very

high titre donor specific AB or HLA class I antibodies

which bind to highly expressed targets on the graft

endothelium [3,53]. This manifests as massive

complement activation and endothelial injury followed

rapidly by graft thrombosis. Hyperacute rejection due to

high titre HLA and ABO DSA was a feature of the earli-

est kidney transplants [54] but should never occur in

the modern era with appropriate pre-transplant blood

group and HLA testing. Hyperacute rejection due to

non-HLA and non-ABO donor specific antibodies has

been reported; these rare instances occur when there are

high titre, complement fixing donor specific antibodies

to targets that have a high degree of expression on the

graft endothelium [55].

Accelerated antibody mediated rejection

This occurs within the first 10 days after transplantation

and is attributable to the reactivation of a memory

response in recipients who have been previously sensi-

tised to the donor HLA mismatches. It is a common

complication of HLA incompatible transplantation [56].

Accelerated antibody mediated rejection (ABMR) is

characterised by rapidly deteriorating graft function, a

significant increase in DSA and the characteristic histo-

logical findings of antibody interaction with the

endothelium and tissue injury (microvascular inflamma-

tion, arteritis, thrombotic microangiopathy or allograft

injury without an alternative explanation) [39]. Acceler-

ated ABMR is usually detected early in the absence of

any chronicity to the allograft injury and can often be

reversed with rapid intervention [39,57].

Active ABMR

This can present at any stage after transplantation and

may be characterised by a detectable deterioration in allo-

graft function or identified incidentally on protocol

biopsy. Three criteria must be met for a diagnosis of

active ABMR: firstly, histological evidence of tissue

injury; secondly, evidence of current or recent antibody

interaction with the endothelium and thirdly, evidence of

DSA or C4d positivity or increased expression of vali-

dated transcripts which suggest antibody mediated injury

[39]. There is no chronic allograft injury in active ABMR.

Chronic active ABMR

This is characterised by evidence of remodelling of the

allograft in the context of antibody-endothelium inter-

action and DSA. In kidney transplantation, the histolog-

ical features of chronic ABMR are transplant

glomerulopathy, capillary basement membrane multilay-

ering and arterial intimal fibrosis. Chronic active ABMR
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often coexists with chronic active T cell mediated rejec-

tion so features such as interstitial inflammation, inter-

stitial fibrosis and tubular atrophy are also commonly

observed (Fig. 3c,d) [39] and chronic ABMR commonly

manifests clinically as a slowly rising creatinine and

increasing proteinuria. There is no consistently effective

intervention for chronic ABMR [58,59].

Management of pre-existing DSA

Potential transplant recipients with pre-existing DSA are

at higher risk of antibody mediated rejection and pre-

mature allograft loss because of antibody mediated

injury [3,26,33,60,61]. There are two options for

managing pre-existing DSA: avoidance of the DSA or

acceptance of the DSA and adaptation of therapy.

Avoidance of pre-existing DSA

Avoidance of pre-existing DSA has been the mainstay of

managing the risk associated with pre-existing DSA for

five decades. Donated organs are allocated after testing

for blood group and HLA compatibility to mitigate the

risk of hyperacute and accelerated ABMR. Potential

transplant recipients now have regular testing for HLA

antibodies during their transplant waiting time. HLA

antigens to which antibodies are detected in the recipi-

ent serum at a level deemed unacceptable by the local

centre or national transplant programme are listed as

“unacceptable mismatches” with the relevant transplant

allocation body [27]. When an organ becomes available,

a virtual crossmatch is performed using this informa-

tion to ensure that a donor organ is not allocated to a

recipient who has pre-existing HLA DSA [27,62]. The

development of kidney sharing schemes where kidney

transplant recipients with incompatible donors exchange

their donors so that both recipients receive compatible

kidney transplants has provided another option which

allows avoidance of pre-existing DSA. EuroTransplant

have developed a unique and successful allocation

scheme for the most highly sensitised renal patients

where the acceptable HLA mismatches for a potential

recipient are identified and these patients receive prior-

ity for donor organs with an acceptable HLA type [63].

Acceptance of pre-existing DSA and adaptation of
therapy

Complete avoidance of DSA is undoubtedly associated

with the lowest immunological risk in solid organ trans-

plantation. However, transplantation is a process in

which multiple competing risks must be considered for

each individual patient. Any recipient considering trans-

plantation faces anaesthetic risk, surgical risk, immuno-

logical risk, medical risk (with the potential for

immunosuppression to exacerbate pre-existing condi-

tions or contribute to the development of new comor-

bidity) and economic risk (with the cost of potential

lost earnings or relocation for transplant). All of these

facets must be considered. The greater consideration,

however, is that the overall risk of transplanting must

be balanced against the risk of not transplanting for

each patient, with the prognosis from their end-stage

organ failure being the main driver of the latter. This

may vary according to the organ involved, the patient’s

clinical status or the quality of care available [64,65]. In

this context, it may be appropriate to accept increased

immunological risk in transplantation because of the

magnitude of the risk of harm faced by an individual if

they are not transplanted [27,66]. The aim in this per-

sonalised decision making should be to identify the

“sweet spot” where there is the lowest global risk of

harm for the patient (Fig. 4).

To achieve optimal outcomes, it is essential that the

risk associated with crossing pre-existing DSA is strati-

fied so that those DSA that are crossed in transplanta-

tion are associated with the lowest risk of rejection but

the greatest likelihood of receiving an offer. The risk

associated with crossing HLA DSA can be stratified

according to the method of detection of DSA in the

HLA laboratory (with HLA DSA associated with a posi-

tive CDC crossmatch being the highest risk and those

identified by Luminex SAB alone being the lowest)

[64,67], the timeframe of the HLA DSA detection

(greater risk with those that are currently detectable ver-

sus those that have been detected historically) [68] and

the mechanism of sensitisation (with greater risk likely

to be attributable to sensitisation via pregnancy) [56]

(Fig. 5). Further information may be provided by eplet

analysis and IgG subclass [29,69]. Employment of these

steps allows the lowest risk HLA DSA to be identified.

The biggest difference in access to transplantation is

achieved when it is deemed acceptable to cross HLA

DSA where the associated HLA antigen has a high pop-

ulation frequency in the donor pool. This strategy facili-

tates the identification of a group of HLA antigens to

which DSA have been detected above the usual thresh-

old of acceptability but which a transplant programme

is willing to cross for a particular recipient; excellent

outcomes have been reported [70,71].

Adaptation of therapy may be necessary when a will-

ing to cross strategy is implemented. There are three
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potential targets: the circulating DSA, the cells impli-

cated in antibody production and the mediators

involved in ABMR. In HLA incompatible transplanta-

tion where there is a current positive crossmatch, anti-

body removal is performed with the aim of rendering

the crossmatch negative at the time of transplant [57].

This minimises the risk of hyperacute rejection. If, how-

ever, the DSA which is being crossed was only present

historically, or is not at an adequate titre to cause a

positive cross match, this may not be necessary [70]. In

targeting the cells implicated in DSA production, many

centres employ lymphocyte depleting induction therapy

using polyclonal and monoclonal antibodies such as

anti-thymocyte globulin, alemtuzumab and rituximab.

The aim of this is to reduce the likelihood of reactivat-

ing a memory response which could cause accelerated

ABMR. The evidence for the effectiveness of these

agents in this context, however, is inconclusive [72].

The final possibility is to target the mediators which are

responsible for at least part of the pathophysiology of

ABMR. Eculizumab is a monoclonal antibody which

targets the final step of complement activation to pre-

vent the formation of the MAC. While it can be effec-

tive in preventing the acute injury associated with

complement activation by high titre DSA, active ABMR

has been reported in the context of complete suppres-

sion of complement activation by eculizumab and it has

no effect on the longer term injury in which other

pathophysiological processes are implicated [73,74].

This adaptation of immunosuppression has allowed suc-

cessful transplantation to occur despite the presence of

HLA DSA, with outcomes that are superior to potential

recipients who continued to wait for a compatible

transplant in some programmes [64,75]. However, in

others, the benefit seems less clear [65]. This further

highlights the importance of balancing the risk of trans-

planting against the risk of not transplanting when

making personalised decisions for each recipient.

Management of de novo DSA

The development of HLA DSA for the first time after

solid organ transplantation occurs in 10–40% of solid

Figure 4 The “sweet spot” for transplantation. (A) The lowest

immunological risk in transplantation occurs when recipients receive

an organ which is perfectly matched. The likelihood of such an organ

being available, however, is very small and to wait for such an offer

would increase a potential recipient’s time on the waiting list with

the associated risk of accruing additional comorbidity or succumbing

to end stage organ failure. For this reason, most centres will accept

organs to which a recipient has no HLA antibodies without waiting

for a perfectly matched organ. (B) For some recipients, the global risk

of harm without transplantation is higher due to the severity of their

end-stage organ failure so it is appropriate to consider higher

immunological risk transplantation because of the magnitude of the

overall benefit conferred by transplant. This may involve crossing low

risk donor specific antibodies.

DSA detection none Luminex positive Flow crossmatch positive CDC crossmatch positive

Timeframe never detected historically detected currently detected

Sensitisation none other pregnancy

Increasing immunological risk

Figure 5 Stratifying the risk associated with HLA donor specific antibodies.
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organ transplant recipients [76–78]. The variability in

the reported frequency of de novo HLA DSA (dnDSA)

may be explained by differences in the frequency of HLA

antibody monitoring after transplantation, laboratory

methods of antibody detection, immunosuppression

protocols or organ immunogenicity. The development of

dnDSA has consistently been associated with allograft

injury and reduced graft survival [76,78–82].
It has recently been reported that there may be a

greater risk of allograft loss associated with dnDSA than

with pre-existing DSA [83]. In a large study of renal

transplant recipients, the development of dnDSA was

associated with more chronic allograft injury on biopsy

than pre-existing DSA. When analysis of gene expression

was performed, there was also greater expression of IFNɣ,
natural killer cell and T cell transcripts [83]. This pro-

vides an important insight into the differences in the pro-

cesses which drive the alloimmune injury associated with

pre-existing and dnDSA. Pre-existing DSA instigate

endothelial injury early after implantation due to the

introduction of their complementary target eplet. Ini-

tially, this injury is driven solely by the effect of the bound

antibody at the endothelial surface and is mainly com-

prised of complement activation and ADCC. This results

in an early deterioration in graft function at a time when

the recipient is being closely monitored which facilitates

early recognition [67,83]. Rapid and aggressive interven-

tion at this early stage can prevent chronic injury and the

involvement of other components of the immune system

in the alloimmune response [57,84]. The development of

dnDSA, however, involves the presence of an inflamma-

tory stimulus in the allograft which upregulates the

expression of HLA and recruits macrophages and natural

killer cells, requires the activation of CD4 T helper cells

which are required for the de novo activation of B cells

and formation of plasma cells and involves the refined

maturation of the antibody response which is driven

directly by the donor antigen [25,85,86]. The diversity of

potentially injurious immune cells which are activated by

this process combined with the timeframe for develop-

ment, which is often much later after transplantation at a

time when clinical monitoring is less frequent, means that

there is more established injury by the time of biopsy and

that treatments which target the antibody component of

the process are much less effective in preventing

immunological injury and allograft loss [58].

The principles of managing dnDSA are identical to

those for managing pre-existing DSA: targeting the cir-

culating DSA, the cells implicated in antibody produc-

tion and the mediators involved in ABMR. Many

excellent reviews of the treatments available have been

written [87–89] but there is a huge diversity in practice

across centres managing ABMR due to dnDSA. This

reflects the lack of high quality evidence for effectiveness

of any specific intervention [89,90].

Management of the potential for de novo DSA

Given the ineffectiveness of therapy for dnDSA and the

associated ABMR, it may be appropriate to consider

managing the risk of dnDSA development at the time of

organ allocation. This involves managing the degree of

the non-self stimulus provided by a donor organ and

may be of particular relevance when there are a number

of potential living donors for a recipient. There are a

number of ways to approach this. Traditionally, the num-

ber of HLA antigen mismatches has been considered in

some allocation algorithms, but this fails to address the

fact that HLA antigen mismatches vary in their immuno-

genicity and the likelihood that they will induce dnDSA

development [14]. Alternatively, it may be worth consid-

ering the number of HLA eplet mismatches which has

been associated with the risk of dnDSA in lung and kid-

ney transplantation [15,16]. However, eplets also differ in

their immunogenicity according to their position in vivo

and their electrophysicochemical properties [20] and it

may be that specific eplets are particularly immunogenic

[21,91]. It is likely that these are the eplets which defined

the cross-reactive groups (CREGs) of HLA antigens

which were identifiable serologically [14]. The most prag-

matic approach may be to identify these highly immuno-

genic eplets and to aim to avoid these in allocation.

The potential impact of considering this in organ allo-

cation must be placed in the context of the other com-

peting risks for each patient as avoiding even a single

immunogenic eplet will reduce an individual’s access to

potential donors. The impact of the risk associated with

a longer period prior to transplantation which is a con-

sequence of restricting the donor pool must be balanced

against the potential for avoiding dnDSA after transplan-

tation with the associated improvement in graft survival.

Recent years have seen progress in the understanding

of mechanisms of DSA development, methods of DSA

detection, appreciation of the variety of histological and

clinical manifestations of DSA and the options for

managing the risk associated with DSA. Challenges

remain. Some of these centre on the complexity of

understanding immunological risk in the context of the

patient as a whole, others are focussed on assigning the

correct immunological risk to an individual transplant

while still others relate to the most appropriate way to

manage that risk. It is likely that a combination of
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personalised preventative strategies along with individu-

alised interventions for those with DSA will be required

to optimally manage the risk associated with DSA in

solid organ transplantation.
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