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Our History

and others of leukoagglutinins in the serum of 
multiply transfused patients and multiparous 
women [1]. The science and clinical practice of 

matured in parallel with, and as a direct conse-
quence of, the advent of clinical kidney trans-
plantation. The major technological advances in 

serve the transplant community, which for the 
first 25+ years was synonymous with serving 

-

The first successful kidney transplant was 

circumventing the allogeneic immune response 
and eliminating the need for immunosuppression 
[2]. This accomplishment held huge potential for 

application of the new procedure meant that a 

leukocyte antigen (HLA) matched donor kidneys 
and/or to find a more effective means to suppress 

kidneys (Fig. 2.1
HLA-matched kidneys from close relatives 
means that the donor and recipient share chro-
mosome 6, which carries the HLA complex of 

chromosomes, indicating that they are not 
-

gens (Fig. 2.2). With HLA-matched unrelated 
donors there is no guarantee that the donor and 
recipient share any chromosomes, including 
chromosome 6. Both of these situations require 
immunosuppression that was not needed in the 

infancy, permitted the search for HLA class I 
matched donors and thus aided in extending the 

the end-stage renal failure patient population 
(Fig. 2.3).

cause lymphocyte agglutination in vitro. The orig-
inal leukoagglutination assays were analogous to 
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Fig. 2.1 Human leukocyte antigen (HLA) antigen 

antigen is considered any antigen which a donor and 
recipient share. Conversely, any antigen that is found in 
the donor phenotype that is not in the recipient phenotype 
is considered a mismatch, as the recipient can mount an 
immune response towards that antigen. In certain cases, a 

locus. In those cases, any antigen which a donor carries 
that a recipient does not is considered a single mismatch. 

-
gens to elicit a response and they are considered matched 
at that locus

Fig. 2.2 Inheritance pattern of human leukocyte 
antigen (HLA) genes. HLA genes travel within con-
served cluster called a haplotype. These haplotypes are 

child having one haplotype from the mother and one 

this is when pieces of the HLA region are exchanged 
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Unfortunately, since lymphocyte function requires 
cellular aggregation in order to form immunologi-
cal synapses, aggregation tends to occur naturally 
with these cells. This natural agglutination does 

other molecular interactions characteristic of inter-
cellular communications necessary for immune 

-
-

koagglutination assays difficult and progress in 
identification of leukocyte antigens was slow until 
the development of the complement-dependent 

3]. 
-

this assay single handedly facilitated the discov-
ery of the majority of the leukocyte antigens 
known today.

The CDC assay is exactly what its name 
implies, it is an assay were isolated lymphocyte 

L each of cells and serum in a small 
multiwell plate, a Terasaki plate. If anti-HLA anti-

any cell that carries the corresponding HLA 

Fig. 2.3 Diagrams of human leukocyte antigen (HLA) 
class I (left) and class II (right). The HLA class I and 

humans. HLA class I is made up of a single polypeptide 
chain consisting of three extracellular domains, a trans-

the 1 and 2 domains. The 1 and 2 domains are the 
most polymorphic regions of the molecule and are 
where the majority of the differences in HLA antigens 

on cytotoxic T cells located in the 3 domain. The class 
I molecule is found on the surface of virtually all nucle-
ated cells. HLA class II is comprised of two polypeptide 
chains, each having two extracellular domains, a trans-

-chain 
is far less polymorphic than the -

1 and 1 domains. 

the 2 domain. Class II molecules are usually found only 
on the professional antigen-presenting cells (macrophage, 

conditions
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decay accelerating factor (DAF), molecules that 
are natural controllers of complement activation 

-
-

-

-

of dead cells in the well is estimated, up to 10% 
dead is scored a 1, 11–20% is a 2, 21–40% a 4, 
41–80% a 6, and 81–100% is an 8. False-positive 

-

activate  complement (Fig. 2.4).

-

CDC assay to identify HLA antigens. As with 
any scientific endeavor there were naturally 

explain the role of these antigens in eliciting an 

science research, however, this effort also had 
immediate clinical application in the pressing 
need to identify well-matched kidney donors for 

-
tion, was assigning their own name to that anti-
gen. For meaningful, widespread clinical 
application of HLA typing, especially for shar-

-
clature was required. Fortunately, the histocom-

scientific rivalries and come together at the first 

Fig. 2.4 

dependent cytotoxicity (CDC) assay used for human leu-
kocyte antigen (HLA) typing, cytotoxic cross-matching 

the wells remain small, refractile and free of vital dye. 

Conversely, the well on the right shows a strong positive 

through the complement cascade
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At this workshop the representatives shared 
information and antisera with the goal of devel-

naming convention. In many regards the kind of 

-

general, a characteristic which has helped to 
advance many efforts within the transplant com-

-
tage of HLA matching of donors and recipients 

4–6
-

ing well-matched recipients for these organs was 
difficult. The effort to put deceased donor organs 
into well-matched recipients naturally led to an 

transplant centers to initiate the first organ-

7
was formed to permit sharing of matched or 

-
east portion of the United States. Later this orga-

sharing organs, namely the United Network for 
-

known as regional organ procurement cross-

with all regional deceased donors. If the cross-

-

a standard of practice in many areas until quite 

years preliminary cross-matching on regional 

candidates.
Because the selection of immunosuppressive 

agents was limited in the early years, HLA 
matching assumed a central role in donor selec-
tion and increased the chances of graft and 

-
ents we are referring to HLA matching. ABO 

-
lutely required for successful transplant of solid 
organs in order to avoid hyperacute rejection due 
to the presence of natural anti-A and/or B anti-

2.5). Conversely, HLA mismatched 

hyperacute rejection as long as there are no pre-

transplantation, HLA mismatched grafts were 

avoid many rejection reactions. We now know 

Fig. 2.5 -
drate residues found on the surface of cells. The two 

-N-
acetylgalactosamine, and the B group antigen, -d- 

group antigens not expressed on their own cells. These 
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that one reason for this was that early typing 
efforts were limited to detecting class I antigens. 

demonstrate that the mixed lymphocyte culture 

typing in identification of appropriate organ 
donors [8, 9]. The MLC identified an additional 
set of antigens, designated D region antigens, 
which elicited a strong proliferative response in 
some donor–recipient pairs that were previously 

10, 11]. The MLC 
assay could help identify donors who were 
matched at the D region, the area which is now 
known to encompass the class II genes of the 
HLA gene complex. Use of the MLC had several 

run the assay limiting its use to living-donor 
transplants where there was adequate lead time 
to perform the testing and precluded its use in 
deceased donor situations where results were 
needed in a matter of hours as opposed to days. 
Second, as is now apparent, the lack of reactivity 
in an MLC does not always correlate well with 
graft survival [12

-
tify the antigens that drove the MLC were 
needed.

Serologic typing for class II antigens lagged 

-
late a pure preparations of B lymphocytes. When 

-

-

it was noticed that there were often reactions with 
-

quency cell death was at first thought to indicate 

found through titration experiments that some of 

titers yet they failed to react with the majority of 

known, were defining HLA class II antigens. 
Methods were developed for the separation of T 
and B-cell populations to facilitate serologic test-

was tedious, time-consuming, and yielded limited 

typing for class II antigens permitted improved 
identification of matched grafts in a time frame 

grafts [11, 13–15].
Although serologic class I and later class II 

immediately upon reperfusion, i.e., hyperacutely. 

Teresaki that patients with positive CDC cross-
matches were much more likely to lose their 
grafts in this fashion [16]. Following these find-
ings, cross-matching every donor–recipient pair 

not all incidences of hyperacute rejection could 

-
munity worked diligently to develop methods 

-
-

ment of the Amos Wash and later the antihuman 
17]. Although anti-

-
acute and accelerated acute rejection, other 

processes as well. In most instances these anti-

18–20]. Fortunately, 

and are not felt to constitute a major threat to 
graft survival in the majority of transplants.

-

-
tive cross-matches, it was evident that these 
efforts neither guaranteed graft survival, nor 

to satisfy the demand. There simply were not 
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with national sharing. It was only with the advent 

other organs including the pancreas.

Where We Are Now

-
matched kidneys continue to enjoy significantly 

21, 22
immunosuppressants to allow good graft sur-
vival for totally mismatched kidneys for the first 
time opened this life-altering therapy to all 
patients in need, whether or not they had matched 

immunosuppressants, the primary role of the 
-

finding HLA-matched and cross-match negative 
organs to one of helping the physicians assess 
the relative risk of any particular donor–recipient 

-
ute to the relative risk of a transplant, including 

and gender of the recipient, prior transplants or 
-

enced such as pregnancy or transfusions, the 
relationship of the donor to the recipient, the 
level of HLA matching, and whether the overall 
health of the patient allows full use of the ever-
expanding collection of immunosuppressive 
medications [23–25]. Additionally, what consti-
tutes risk at one transplant center may differ 
from risk at another center, depending upon the 
immunosuppressive protocols employed and the 
approach of the physicians. This has mandated 

close relationship with their transplant programs 
so as to thoroughly understand the management 
philosophy of the physicians they serve.

assays and evaluating the information in light of 

HLA type all recipients and donors. This is 
important since matching at DR still supplies 
points in the UNOS match run system and 

-

graft survival even in the current era of immuno-
-

cases in an effort to reduce ischemia time and 

other ethnic minority patients that are trans-
planted. Nonetheless, knowing the match grade 
of the donor can help in decisions regarding the 
use of induction and immunosuppressive proto-
col selection and in virtual cross-matching. 

-

for identification of HLA antigens [26, 27].
-

tion to molecular techniques. First, the supply of 
good typing grade antiserum is limited, espe-
cially for rarer antigens. This can mean that sero-

and although these antigens are usually not com-
mon in the donor population it is important to 

to them. The UNOS matching algorithm rules 

an antigen present in the donor. If antigens are 
missed during donor typing, then time is spent 

-

and needless shipping of organs. Molecular typing, 
usually referred to as DNA typing, detects the 
presence of the HLA genes on chromosome 6 
and is much less likely to miss the presence of an 
antigen. Second, some HLA antigens are not 
well expressed on the cell surface, e.g., Cw and 

in serologic assays [1]. Antigen expression can 

result of medications administered during donor 
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management and the physiological effects of 
26

serologic typing methods use isolated lympho-
cytes and the level of antigen expression on lym-
phocytes is not necessarily equivalent to the level 
of expression of the same antigen on graft tissues. 
Therefore, missing an antigen in serologic typing 

expression of the antigen on circulating lympho-
cytes can result in exposure of the graft to anti-

expression on the graft tissue. With DNA typing 
methods the genes for the antigens are readily 

not guarantee cellular expression in the graft, in 
the vast majority of cases the presence of the 
gene is synonymous with antigen expression. 
HLA null antigens, antigens that are not 
expressed due to mutations in the gene, have 

28]. The most common null 
-

mentioned, deceased donor management and the 

cell surface expression of HLA antigens and 
complicate serologic detection of those antigens. 

-
-

to as splits such as A68 and A69, B57 and 58, 
antigens of the A19 group, etc. Splits are anti-

closely related antigens [1]. Although these splits 
were originally identified serologically, they can 

Additionally, shared epitopes are not limited to 
the splits, many HLA antigens share epitopes 

epitopes and which tended to cross-react in CDC 

2.6) [1]. Cross-reactivity is 
generally not an issue with DNA typing since 

specifically with the nucleotide polymorphisms 
that result in the amino acid differences which 
define the epitopes that differentiate these anti-
gens. In fact, DNA typing can identify not only 

discern HLA alleles (Fig. 2.7) [29, 30]. For 
example, the antigen A68 has at least 48  

molecular typing methods, whereas only the 

typing. HLA typing at the allele level, that is, 
identifying exactly which allele is present for 
each HLA antigen, is referred to as high-resolu-
tion typing. High-resolution typing is required 

at the present time matching at this level has not 

of solid organ grafts. High-resolution typing 
may have a place in solid organ transplant in the 
future, however.

allelic form of an HLA antigen. Frequently these 

HLA type contains a different allele of the same 
antigen. For instance a person whose HLA type 
is A1, A2, B7(Bw6), B8(Bw6), DR 1, DR4, may 
carry the allele A*0205. If they are exposed to 

specifically to the epitope(s) of that allele that 
are not present on the A*0205 allele. Those anti-

-

-
date has A2 in their phenotype, as in the example 

A*0201, the most common A2 allele, that 
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-
ent allele of the A2 antigen. Since the A2 cannot 

candidate will show up on the match runs for all 

matched for this candidate even though the 

of the A2-positive donors encountered. Allele-

they are seen more frequently than one might 
presume. As a result, there is mounting pressure 
on UNOS to allow the entry of allele level anti-

-
ever, is moot until donors are typed at the allele 

-

the UNOS system will most likely continue to 
function using HLA antigen level typing for list-

with all technologies in this field, progress is 

As these procedures are developed and validated 
we can expect that allele level typing of donors 

risk assessment is to monitor for anti-HLA 

Fig. 2.6 

to the conserved nature of the human leukocyte anti-
gen (HLA) molecules, different HLA molecules have 
shared antigenic epitopes. These shared epitopes can 

HLA molecules. HLA antigens that share epitopes are 

HLA molecules. A patient exposed to only a single 
mismatched antigen, through either transplant, trans-

epitope

Fig. 2.7 Single human leukocyte antigen (HLA) anti-
gens can have multiple alleles detected at the DNA 
sequence levels that can range from silent mutations that 
lead to no difference in expressed proteins to the com-
plete lack of expression in other cases. This example 

shows four different alleles of the HLA-A1 antigen. 
Changes in certain nucleotides can lead to amino acid 

creation of a molecule that is no longer expressed on the 
cell surface as in the A*0104N (null) allele



32 D.J. Pidwell and P.N. Lalli

31–34]. 

patients are at risk for hyperacute, accelerated 

if the graft carries antigens that correspond to the 

T and B memory cells [35–37]. The presence of 
HLA-specific memory cells is a useful measure 
of risk since the immunosuppressive agents cur-
rently at our disposal are not optimally effective 
at controlling memory cell activity and have lim-
ited activity against B cells and plasma cells 
[36–38]. Whereas memory B cells can lead to 

cells, once reactivated, will accelerate and aug-
ment the entire immune response. This acceler-

-

induced with antilymphocyte therapy to help 
control the memory T-cell responses until thera-
peutic levels of other immunosuppressive agents 

39–41].
Just as in HLA typing, the CDC assay was the 

first assay used for detection of circulating anti-

panel of cells with known HLA phenotypes is 
used to screen patient sera. The percent of panel 
cells that the serum reacts with is called the panel 

types of the panel cells are known, the pattern of 
reactivity indicates the HLA specificity of the 

or if there is reactivity with a high percentage of 

-

the panel that are negative for A2, B7, B8, and 
B44 that no pattern of reactivity for any other 

each titer on the same cell panel. However, this 

antigens that are present in higher titer.
As the term complement-dependent cytotox-

icity implies, this assay uses cytotoxicity, i.e., 

is present. Any assay that uses the death of live 

human T and B lymphocytes have a fairly short 
life span once they are purified, and the sponta-
neous death of these cells over time can compli-

In these assays a dead cell is a dead cell and 

Additionally, cytotoxic assays often have limited 
-

plement interaction. For the complement cascade 
-

to those molecules long enough to generate an 
adequate amount of active complement factor 2a 
to sustain the necessary sequential reactions to 

complexes to compromise the integrity of the 

attached to the surface of any one cell, due either 
-

city of antigen on the cell surface, there is often 
-

simultaneously. In these cases the complement 

death will not occur. This often leads to the erro-
neous assumption that little or no anti-HLA anti-

are few if any memory cells present and that a 
particular donor–recipient pair carries minimal 
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screening can also occur if the anti-HLA anti-

42]. In 

-

-
falls, the most effective of which is the antihu-

1, 17]. 

43
-

that are referred to as cytotoxicity negative 
43, 

44]. For many years this was the most sensitive 
-

ing the performance of the assay in individual 

This is not a simple assay to perform, however, 
and there remains large variation in the sensitiv-

-

is often underestimated when a negative cyto-

-
ing are still used and continue to provide useful 
information in risk assessment, newer more sen-

The first innovation in detection of circulating 

[45]. This assay uses a pool of isolated T lym-
phocytes with a variety of phenotypes such that 

techniques are very good at detecting cross-

screening procedure was the first to have the sen-
-

cross-matches to determine whether or not to 
proceed to transplant. One advantage of a cell-

-

tagged. Not relying on cell death as a readout 

encountered in the CDC assays. There are at 
least two disadvantages however, of using a pool 
of T cells as a screen for the presence of circulating 

multiple pools of cells were employed with the 

46]. This at least 

-
-

a successful transplant. Additionally, maintain-

consuming among other issues. The advantages 
of a screening technique with the sensitivity of 

-

to demonstrate its full potential. In response to 
this need several manufactures have developed 

referred to as solid phase assays.
-

fied HLA antigens are attached to a plastic 
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such as microarray chips are in development 
[34, 47– 49 -

antigens. The serum is then washed off and a 

-

-

(Fig. 2.8). These solid phase assays are more 

cross-match. An additional advantage of these 
assays is that they eliminate interference from 

HLA molecules.

or per well [50, 51]. These assays very precisely 

are present (Fig. 2.9). This has introduced a new 

-

determine all of the specificities present with the 

Fig. 2.8 -

antigen (HLA) molecules derived from cell lysates or 

the percent of donors in the general population that 
carry that HLA molecule in their phenotype. If the 

-

remains on the left side of the scale, equivalent to the 

population will shift to the right. The further to the 

cutoff value gives an estimation of the percentage of 

cross-match with. This percent is known as the panel 
PRA)
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platform has largely overcome the restriction on 

a single assay. The Luminex platform can use up 
-

antigen. By testing the class I and II antigens 

in two wells of a 96-well plate. Additionally 

these systems not only detect the traditionally 

52].
Unfortunately, no assay is perfect and the 

solid phase assays also have disadvantages. An 
issue that is often encountered is the presence of 

itself [53

Fig. 2.9 

HLA) 
-

ies specific for HLA-A24, A25 and A26, the strongest 
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they represent no threat to a graft. However, it 

use different compounds to make the carrier. 

in one assay will not react with the carrier in 
other assays. The need to develop and validate 
multiple assays does increase the complexity of 

disadvantage of the solid phase assays is that the 

and these incomplete or denatured proteins are 

sites on denatured molecules that are not acces-

-
tivity is not accurately representing the reaction 

-
plant. The manufacturers are aware of this issue 

the  molecules represented in their assays. 
A third, shortcoming of the solid phase assays as 

extremely rare for a person to make anti-HLA 

activate complement and cause damage to the 

advantageous to perform a CDC final cross-
match with serum that is not treated to remove 
IgM. When the information from this CDC 

-

-

to determine what level of reaction represents 

patient to patient and most certainly changes 

must determine the level of sensitivity that is 
appropriate for identifying patients that will have 
a positive cross-match in their hands and would 

-
plant centers will find that some patients with 

that yield negative cross-matches, will still result 

rejection. It is evident that the amount of 

rejection. What does correlate with the risk of 
rejection is the reactivity of the particular 

no means to measure individual reactivity 

these shortcomings the solid phase assays have 
-

ence and especially the specificity of anti-HLA 

precisely using solid phase assays has introduced 

on this UNOS implemented a new system of 

entered into the system and the frequency of 
those antigens in the UNOS donor pool over the 
last several years. The introduction of the calcu-

-

 calculates to >80% the patient will get the extra 
points allocated for the match run. For each 
specificity entered, the patient will automatically 

carry the corresponding antigen. Depending on 
the philosophy of the transplant center, any HLA 

whether or not the patient actually has circulat-
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policy of the transplant center. As long as the 
-

-
plant candidate.

An additional advantage of the calculated 

-

-

two patients at different centers have the same 

transplant programs and it has succeeded to some 

depending upon what assays are used to define 

interpreted at a particular center.

a panel of lymphocytes.. The same serum could 

centers depending upon the cells used to make 
up the panel. More recently the solid phase anti-

product will have the same panel of antigens 
-represented. However, even using the same 

-
tive the assay is in their hands and upon what 

positive cross-match using the cross-matching 

and the policies of the transplant centers they 

service [34
cross-matches for final cross-matching might 
call weakly reactive antigens positive, whereas a 

and would therefore not call those antigens unac-
-

 services and depends on the amount of risk the 
physicians are willing to accept for their patients 
and the immunosuppressive protocols employed.

Transplant centers in some areas of the United 
States have complained that the racial makeup of 
their donor population differs markedly from the 
racial makeup of the national donor pool and that 

-
taging their transplant candidates in match runs 

employed to allocate organs the transplant com-

further refinement of the system. With the imple-
-

-

solid phase testing.
One of the most important aspects of the 

This has permitted a whole new approach to 

[54– 58]. The use of virtual cross-matching is 
not just limited to renal and renal–pancreas 

-

with a solid phase single antigen assay, and the 
HLA type of the donor is known. This approach 
has helped expand access to donors especially 
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type, then the virtual cross-match would predict 

identified to any of the donor antigens, then the 
virtual cross-match would predict a negative 
cross-match. If a donor is not typed for all the 

the virtual cross-match is incomplete and the 
-

rately assessed. This often happens when allele-

-

donors are not routinely typed for these antigens. 

the virtual cross-match is that the prediction is 
only valid for the state of the patient at the point 
in time when the serum sample was drawn and 

elapsed since the patient was last tested for anti-

used for the virtual cross-match may not accu-

imperative that physicians ascertain if the patient 

the last tested serum sample. Often transplant 

event is making it difficult to get an accurate his-
tory. Therefore, a virtual cross-match does not 
preclude the need for a final prospective cross-
match. With virtual cross-matching, however, 

are expected to have a negative cross-match and 
who can potentially receive the graft. This should 
avoid needless cross-matching of multiple 

identified and needless shipping of organs occurs.

increased risk associated with a transplant 

and make it extremely difficult to predict the risk 
associated with a particular donor–recipient pair. 
Unfortunately, it is not easy to determine in cell-

causing the cell death. With the solid phase 
assays, using purified HLA molecules, if the 

does not react with the HLA antigen in the solid 

cytotoxic in the CDC assay. The solid phase 
assays allow us to discern if there is anti- HLA 

-

therefore permit increased confidence in risk 
assessment.

With the increased awareness of the frequency 
-

transplant monitoring for donor-specific anti-

diagnosis of AMR includes demonstrating the 

[59, 60
quite helpful in posttransplant monitoring. The 
fact that these assays are semiquantitative permits 

present at any time point. Since there is gener-
ally more inter-assay than intra-assay variation 

requires concurrent analysis of multiple samples 
collected over a period of time pre and posttrans-
plant. Simultaneous analysis permits a relative 

-
tion is increasing or decreasing over time. It can 

-
-

sis when AMR is suspected. Solid phase testing 
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is also helpful for posttransplant monitoring in 
patients who have received induction or rescue 

can remain in the circulation for long periods of 

does not interfere with detection of anti-HLA 
-

-

assays [61].
There is an additional solid phase assay that 

assay, the DSA assay, is designed to specifically 

62, 63]. One advantage of this 

the cross-match which is typically performed 
prospectively for all kidney and/or pancreas 

the earliest days in the history of transplantation 
once it was appreciated that most hyperacute 

guarantee that hyperacute rejection will not 

First, no single cross-match can detect all of the 
-
-

Second, part of the sensitivity of the cross-match 
technique depends upon the level of expression 
of the HLA antigens on the cell surface. Cells 
can vary in the relative level of antigen expres-

produce hyperacute rejection and the lympho-

of experience with cross-matching has shown 
that the single most important indicator of risk in 
kidney or kidney–pancreas transplantation is a 

T-cell CDC cross-match does not necessarily 

specific, and sensitive. The complement-depen-
dent lymphocytotoxicity assay, with a variety of 
modifications to improve sensitivity, such as 

-
cation, CDC cross-matches are prone to artifacts 

and failure to activate complement. Because of 
its strong correlation with hyperacute rejection, 
however, many centers continue to use the CDC 
cross-match in the final decision to transplant. 

matching techniques [64–66

one assay will compensate for the weaknesses of 
the other. Using the information gleaned from a 

graft survival [67–70].
Flow cytometric cross-matches detect anti-

-
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2.10). This assay offers several 

fact that spontaneous cell death does not con-
found assay interpretation since dead cells can 

scatter properties. Additionally, the use of an 

-

-
tative and largely eliminates the necessity for 
serial dilution analysis (Fig. 2.11). As with the 

-
ject to interference from many of the therapeutic 

or treatment of rejection.

-
sent the presence of a dangerous amount of anti-

and hence do not represent a significant risk of 
graft injury [71–74
level of sensitivity is clinically relevant is con-

systems respond the same. Some people will 
consistently mount a vigorous immune response 
with a minimum of antigenic stimulation, while 
others can encounter repeated antigenic stimuli 
yet respond minimally if at all. Whereas low 

injury in some people, the same low levels may 

patient. To date there are no means of differenti-
ating these two types of responders pretrans-
plant and thus no means of predicting the risk 

Fig. 2.10 Flow cytometric cross-match. Left: Negative 

negative control serum. Right
The cell population is shifted to the right when compared 

negative control population and the population treated 
with the patient serum indicates the strength of the cross-

patient median channel. Depending on the amount of 
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represent a significant deterrent to transplant in 
a patient who has previously rejected a graft. 

are frequently earmarked for induction therapy, 
-

following patients transplanted across a positive 

who are mounting a memory response and allow 

75–79]. 
Long-term effects of an early AMR however 
have shown poorer long-term function and 
higher incidences of chronic graft rejection.

point of controversy in the assessment of risk in 
renal and pancreas transplant. B cells are helpful 
in that they generally carry a higher density of 
HLA antigen on their surface making them more 

80]. A classic 
example of this is in the case of a patient with 

these patients will have a negative T-cell CDC 

false-positive and inconsequential. However, 
since B cells carry more class I antigens on a per-

cells do not express class II antigens under nor-
mal circumstances. Since hyperacute rejection 

reported the results of a B-cell cross-match pre-
transplant provides important, relevant informa-
tion [81, 82]. Although HLA class II antigen is 
normally only expressed on antigen-presenting 

can express HLA class II antigen under a variety 
of circumstances, including following reperfu-
sion injury, surgical trauma, rejection episodes, 
and infection.

Unfortunately, B-cell cross-matches have 

and consternation. B cells historically were dif-
ficult to isolate and the isolation techniques 
used, i.e., nylon wool separation, was hard on 
the cells, causing spontaneous cell death and 

Fig. 2.11 Standard curve for determining the molec-
MESF) val-

cytometer to create a standard curve with the x-axis 

and the y -
cules that correspond to that channel value. The 

curve. These values are used as a quantitative reading 
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loss of antigen expression on the remaining live 
cells. This meant that the B-cell cross-match 
took longer and was more difficult to perform. 
Fortunately, this is encountered less frequently 
today since newer cell isolation techniques have 

harsh on the cells. Additionally, B cells are 

-

to the presence of Fc receptors which can non-

the B-cell surface. These issues have resulted in 

relevance of B-cell cross-match results in risk 

and difficult to interpret, this assay still pro-

-
fulness of the B-cell cross-match is improved 

the Fc receptors.
-

deleterious to graft function and survival. With 
-

more frequent cause of graft injury than previ-
ously thought. The specificity of some of these 

-
-

-

83

-

used as  targets to detect antiendothelial cell 

with this assay has shown that patients with a 
-

dence of rejection early posttransplant. As other 

and their relevance to graft survival is assessed, 

Due to the shortage of donor organs and the 

techniques developed for the removal of anti-

permit transplant across previously positive 

-
sorption, (2) splenectomy, (3) high- and low-

84–90]. Usually the protocols use a 

very good results with these protocols. These 
-

geous when used posttransplant to treat AMR. 
-

cols, including the increased incidence of anti-

to infection following plasmapheresis, and the 
high cost of treatment. However, these treat-
ments have permitted transplant of patients 

precluded.
Whether these approaches are employed pre-

transplant or posttransplant to remove anti-HLA 
-

ally has an active role in monitoring the levels of 
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periods of time posttreatment to determine if 
91–93]. The success of 

-

and apheresis teams. Often solid phase assays 

cases high serum levels of IVIg can interfere 

94].
Ironically, despite the fact that the role of T 

early in the practice of transplantation, there are 
no methods for assessing the antidonor reactivity 
of T lymphocytes prior to transplant. The MLC 

-

assays does not correlate well with outcomes. 
This, in addition to the length of time required to 
perform an MLC, have made this assay of minimal 
use for patient management. More recently an 

-
feron (IFN

Heeger and colleagues [95–97]. The procedure 
uses a panel of 20 B cells from different donors, 

analysis. The B cells in the panel are chosen to 

These B cells are cultured on CD40 transfected 
feeder cells, so the B cells are not virally trans-
formed and there is no viral antigen present to 

T cells are stimulated for 18 h with each of the 
20 different cells and IFN  production is detected 

that stimulates increased IFN  production is 

promise in identifying patients who have mem-

reactivity posttransplant.

One other assay that measures T-cell activation 
is the ImmuKnow assay. This assay measures 

activation with the mitogen phytohemagglutinin 

patient status has demonstrated that patients who 

immunosuppressed and are at increased risk for 
acute rejection, and patients in the low activity 
range are frequently experiencing viral infec-
tions [98–101]. Since the cells are stimulated 
with a polyclonal mitogen, there is no allo- 
specificity to this assay and it does not yield any 
information of donor-specific responsiveness.

Our Future

renal–pancreas transplant community and the 

physicians, and transplant surgeons have 
worked together consistently and diligently to 

results and transplant outcomes in an effort to 
expand our understanding of transplantation 

have and will continue to work to develop 
means of assessing the risk associated with any 
specific donor– recipient pair and to help trans-
late this information into clinical usage. 

that will help with the diagnosis of rejection 

-
-

resource for identity of pre and posttransplant 

the patients and physicians of the transplant 
centers they serve and to work in conjunction 
with the transplant community to further the 
success of transplantation as a whole.
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