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Abstract

Immune system, which is an obligatory component of body's defense mechanism, is the main barrier for

allogenic transplantation. Perfect selection of donor on the basis of human leucocyte antigen (HLA) compatibility

and cross-matching are the key components of successful transplantation. Cross-match eliminates the chance

of hyper-acute rejection and also ensures the long term graft survival. In 1960s, T-cell complement-dependent

cytotoxicity cross-match was firstintroduced; since then it is mandatory component of transplantation work-

up process. With the advances of time different newer cross-match technics are evolved for determining the

likelihood of donor-specific antibody-mediated responses, including flow cytometric cross-match and virtual

cross-match using luminous microbead assay. Flow cytometric cross-match and luminous microbead assay

are more sensitive and specific than the previous one, however all are complimentary to each other for final

selection of donor recipient couple. This article builds an understanding of modern day cross-match

interpretation using a complicated case-based approach.
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Introduction
Renal transplantation is the best form of renal
replacement therapy (RRT) for patients with end-stage
renal disease (ESRD). It has an unequivocal superiority
over dialysis.!

An organ other than from an identical twin when
transplanted is rejected. This rejection is due to the
interplay between immune system and non-self-antigen
present on the donor’s tissue. Immune system is so
developed that it can sustain against millions of microbes
in the environment. The key element of this defence
mechanism is to recognise the microorganisms as non-
self and destroy them. This defence mechanism which
is otherwise vital for living is the main barrier to
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allogenic transplantation. Immune system comprises of
two components- innate and adaptive immunities
(Figure 1). Both are active in transplant rejection, innate
acts non-specifically whereas adaptive immunity is
activated specifically only when exposed to a non-self-
antigen.?

Major Histocompatibility Complexes (MHC) is the key
component of adaptive immune system, these are
highly polymorphic cell surface polypeptides, which
are encoded by cluster of genes presented on the short
arm of chromosome six, in human it is called human
leukocyte antigen (HLA). MHC Class I presents on
virtually all nucleated cells, whereas Class Il molecules
are normally restricted to the antigen presenting cells.
The primary role of MHC is to present the non-self-
antigen to immune system. External antigens are
incorporated with MHC class II and presented to CD4
T cells, whereas internal antigens like viral antigens,
tumour antigens are presented with MHC class I to
CD8 cells specific for that foreign antigens and thereby
provoke the immune response and destroy them.
(Figure 2)
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Figure-1: Innate and adaptive immune response to foreign antigens.>

[Adapted from Hung Do N et al. The Evolution of HLA-Matching in Kidney Transplantation, 2013]
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Once T cell activation occurs, a chain of intracellular events is triggered under the influence of a variety of growth
and differentiation factors, of which the best characterized is IL-2 these events lead to clonal expansion of antigen-
specific T cells. Such cells are differentiated into CD8+ cytotoxic T cells (which directly induce donor cell death)
and CD4+ helper T cells (which help B cells produce alloantibodies and help macrophages induce delayed type
hypersensitivity responses). All of these mechanisms are active in graft rejection Schematic representation of
intracellular signaling in graft rejection.

Figure-2: Schematic representation of intracellular signaling in graft rejection [Adapted from Up To Date 21.2]
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There are three different class I (HLA-A, -B, -C) and
class II (HLA-DQ, -DR, -DP) antigens. Antigenic barrier
to transplantation is dependent on these antigens,
especially HLA -A, B, and DR. Antigens encoded from
these regions are the determinant for transplant rejection.
For better graft survival, donor and recipient should be
matched for these antigens. Two from each loci that is all
six antigens should be matched for the best outcome.(4)
Matching for DR locus has greater impact than others.(4)
Allograft rejection can be categorised as hyper-acute
rejection, acute rejection and chronic rejection, now
termed as chronic allograft nephropathy. By adequate
MHC matching and using effective immunosuppressive
protocol the risk of acute rejection can be overcome which
indirectly reduce the risk of chronic allograft
nephropathy.>® Hyper-acute rejection occurs due to
preformed donor specific antibodies (DSA). Immediately
after reperfusion these antibodies bind to the HLA
antigens of graft vasculature and by activating the classical
compliment cascade causes endothelial necrosis, platelet
aggregation and local coagulation which ultimately ends
up with rejection. These DSA are usually developed due
to previous transplantation, blood transfusion and
pregnancy.” Nowadays hyper-acute rejection is rare due
to routine practice of pre-transplant crossmatching.

Clinical Scenario

History

A 30-year-old male patient with Chronic Kidney Disease
5 (CKDS5) had been on haemodialysis (HD) for the last
5 years, secondary to lupus nephritis.

There was no history of blood transfusion or previous
transplantation.

Transplant Status
The patient received the offer of a kidney from a
deceased donor.

Laboratory results at admission for transplantation
His laboratory results when he was admitted to the unit
for preparation for transplantation were as follows:

e 100 mismatch.

* Complement dependent cytotoxicity (CDC)
crossmatch reported positive for B and T cell, but
flow cytometry crossmatch (FCXM) was reported
negative for both B and T.

*  Luminex-SAB did not identify any Donor Specific
Antibodies (DSA).

Discussion of the case

The cause of the patient’s ESRD was SLE. There are
conflicting data on transplantation outcome in SLE
patients. Some studies showed SLE adversely affects the
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transplant outcome, (8-10) whilst others did not support
this.!!"16 The largest retrospective study usingUnited
StatesRenalData System (USRD) and United Network for
Organ Sharing(UNOS) databases showed transplantation
in SLE had inferior graft and recipient outcome compared
with diabetic ESRD patients.!” One important
consideration regarding SLE is that it might create obstacle
from getting CDC cross-match negative donor and render
them on long waiting list'® as in this case, which would
have definite adverse prognostic impact on transplant
outcome.!?-2! However, transplantation would be
associated with lower mortality and better quality of life
than remaining on dialysis.!?! He had 100 mismatch with
the proposed donor. Even single HLA mismatch adversely
affects the graft survival (4, 22-25)(Figure 3). Though in
the modern era of immunosuppression, the role of HLA
matching has become limited,(26) however it still has a
definite role in reducing cumulative drug dose and drug
related toxicities.?’
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Figure-3: Survival of First Cadaveric Renal Transplants
in Patients with End-Stage Renal Disease, According to
the Number of HLA-A, B, and DR Mismatches, 1984-
1990.(25)[Adapted from NEJM 1994,331(12): 765-70.]

“The patient had no DSA and Flow Cytometry
Crossmatch (FCXM) was negative. However,
complement dependent cytotoxicity crossmatch
(CDCXM) was positive” - this needs in depth discussion.
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Positive CDCXM was considered as a contraindication to
transplantation before the availability of more specific and
sensitive methods like FCXM and solid-phase assays.
However in this case, the decision was not straightforward.
Before coming to the conclusion, different crossmatch
methods and their limitations should be discussed.

The idea behind the crossmatch is to detect the potential
recipient who would likely to develop antibody mediated
acute vascular rejection to a specific donor organ,
thereby assess the suitability of transplantation between
a specific donor and recipient pair. Graft loss from
hyper-acute rejection due to presence of donor specific
anti-HLA antibody was first described by Patel and
Terasaki in 1969.(28) Following then crossmatch
became a prerequisite for transplantation to prevent
hyper-acute rejection.?’

In crossmatch, serum from a potential recipient is tested
for the presence of donor specific anti-HLA antibody
to a potential donor. These antibodies can be against
HLA I or HLA II or both. On the T cell surface, only
HLA class I antigen is expressed whereas B cell
expresses both HLA I and HLA II antigens on their
surface. If the recipient has only class II anti DSA
antibody, only B cell crossmatch will be positive.
Whereas, presence of class I anti DSA antibody will
result both T and B cell crossmatch to be positive.

Following introduction in 1960s by Terasaki,(28) there
has been progressive improvement in this field to increase
its sensitivity and specificity(30-32). Gebel et al. in their
study of 703 sera in 2000, found that antthuman globulin
enhanced cytotoxicity (AHG-CDC) based assay, enzyme-
linked immunosorbent assay (ELISA) and microbead-
based assay are progressively more sensitive by a factor
of about 10% for detection of donor specific
antibodies.(33) Karpinski M et al. in 2001 found Eighteen
(13%) of 143 patients with negative T cell AHG-CDC
crossmatch exhibited a positive retrospective T cell
FCXM with significant adverse graft outcome.(30) Each
of these methods is complementary to others.

Complement-dependent cytotoxic crossmatch (CDCXM)

In CDCXM, recipient’s serum is incubated with donor
lymphocyte,(34) then complement and vital dye are
added. If recipient has anti DSA antibody it binds to the
HLA antigen on T and B cells, complement is activated
in classic pathway, membrane attack complex is generated
which ultimately lyses the cells. Upon lysis, cells take up
the vital dye and visualised under microscopy. By
measuring the percentage of damaged cells strength of
test positivity is assessed semi-quantitatively. Dead cell
percentage of 0-10 is considered as negative(34)(figure
4, table 1). B and T cells are assessed separately.
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The CDC crossmatch. recipient serum potentially
containing donorspecific anti-HLA antibodies is added
to donor T or B lymphocytes, along with complement
(A) If donor-specific antibodies are not present, no lysis
occurs and the result is deemed negative (B). If donor-
specific anti HLA antibodies bind to the lyphocytes and
then activate complement, cell lysis will occur and then
activate complement, cell lysis will ocur andthe
crossmatch result will be deemed positive (C) The
proportion of lysed cells is assessed and the crossmatch
isgraded a being weakly, moderately or strongly positive.

Figure-4: CDCXM [adapted from Nephrology (Carlton)
2011;16(2):125-33]

Table-1. Cytotoxicity scoring system (34)

Daed cells Score Interpretation

Not readable 0 Invalid technical issue)
11-20 2 Negative

21-50 4 Weak positive

51-80 6 Positive

>80 8 Strong positive

[Adapted from Methods Mol Biol. 2013;1034:257-83.]
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After implementation of CDC crossmatch, rate of hyper-
acute rejection has been reduced dramatically, but still
there was significant rejection that was indicating lack
of sensitivity of this method.(28) Adding anti-human
globulin (AHG) with this assay, that is, AHG-CDC
increases the sensitivity significantly.(35)Kerman RH
etal. in 1991 found recipients with positive AHG-CDC
crossmatchwere associated with 36% 1 year allograft
loss, whereas AHG-CDC crossmatch negative recipients
had 18% graft loss.3®

Interpretation

Positive T cell crossmatch indicates the presence of DSA
against Class I antigen which has grave consequence
on transplantation.?® Patel and Terasaki in 1969
described the outcomes of 30 such transplants. Eighty
percent lost their grafts immediately due to hyper-acute
rejection while another 10% lost their grafts within 3
months.?® Total grafts lost in cohort — 90%.

Isolated positive B cell crossmatch has a high chance
of false positivity (around 50%).(37, 38) Negative result
is reassuring as it indicates absence of both types of
DSA. Positive B cell crossmatch correlates significantly
only when simultaneously class Il DSA is also detected
by luminex technology.?”

Positive T cell crossmatch in the setting of negative B
cell crossmatch is usually considered as technical error.*

Limitations

Though introduction of CDC was a breakthrough in
transplantation, it has some limitations. Due to low
sensitivity, it cannot always detect the recipient with
anti-HLA DSA. This results in false negative
crossmatch, especially when the antigen for which the
antibody is specitic, is expressed only at very low levels
on the donor’s lymphocytes or when the antibody is of
a type that does not activate complement and the most
importantly, when the antibody titre is too low to cause
complement activation.*? It can also be falsely positive
in the presence of non-HLA antibodies, autoantibodies
and IgM type of antibodies which are considered to be
non-pathogenic.*!*4? False positive crossmatch due to
IgM autoantibody can be mitigated by adding-
dithiothreitol(DTT) with recipient’s sera and re-
crossmatch. By reducing disulphide bond DTT will
inactivate the IgM. If the positive crossmatch is due to
IgM antibody, it will now be negative. In presence of
autoantibody if recipient’s sera is tested against
recipients lymphocyte, the test will be positive,(40)
which might be the fact in this case.
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Flow CytometryCrossmatch Methods (FCXM)

To overcome the limitation of CDC crossmatchGarovoy
MR et al. in 1983 introduced the Flow Cytometry-
crossmatch (FCXM) system(43)(figure 5). The basic
principle of FCXM is same as CDC crossmatch. Here
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The flow crossmatch. recipient serum potentially
containing donorspecific anti-HLA antibodies is added
to donor t or B lymphocytes, along with fluorescein-
labelled antibodies against humman Igg (A) If donor-
specific antibodies are not present, no binding occurs and
the result is deemed negative (B) If donor-specific anti-
HLA antibodies bind to the lymphocytes these can then
bind the fluoresceinlabelled antihukan IgG antibody, and
this will be detectable by flow cytometry C). The strength
of the fluorescence can be measured and expressed s
‘channel shifts’ above the control sample.

Figure-5: FCXM [adapted from Nephrology (Carlton)
2011, 16(2):125-33]
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recipient’s serum is incubated with donor lymphocyte
and fluorochrome conjugated anti-IgG antibody is used
for staining. FCXM detect both complement fixing and
non-complement fixing DSA. Fluorochrome conjugated
immunoglobulin binds to the donor specific antibody
antigen complex on cell surface and is measured by flow
cytometry.Additional antibodies with different
fluorochromes that are specific to unique B and T cell
antigen is used to differentiate them. FCXM can detect
very low level of antibody which is otherwise missed
by CDC crossmatch.(43) It is not reactive to IgM
antibody:.

The role of positive FCXM in CDC XM negative
transplantation is not very clear. Increasing evidence
suggest that it has a definite impact on transplant
outcome. Christiaans and colleagues found no advantage
of FCXM on transplant outcome in non-sensitised
patients(44), whereas Limaye and colleagues found
significant effect on long term graft survival in highly
sensitised cases.*

The main limitation of FCXM is inter-laboratory
variation of detection threshold.(32) The role of non-
complement fixing DSA is yet to be established.

Virtual crossmatch

In virtual crossmatch (VXM), donor HLA antigen is
compared with potential recipient’s anti-HL A antibody
specificity profile by computer based analysis system.
Serum of every waitlist patient is periodically checked
for DSA by Luminex-SAB. HLA antigen coated
microspheres (beads) are used to detect the anti-HLA
antibody in patient’s sera (Figure: 6). When a donor is
available, HLA typing is done immediately and
compared it with the known antibody specificities of
potential recipient. Recipient must have a recent
antibody profile. Advantage of VXM over other
crossmatching is that, it does not detect the non-HLA
antibodies.*%-4¢ It is as sensitive as FCXM*’ and has a
definite prognostic value in transplantation. Amico and
colleagues prospectively studied 233 renal allograft
recipients and concluded that VXM negative recipients
had low risk of antibody mediated rejection (AMR) and
early graft loss; whereas positive VXM with negative
CDCXM recipients had significant risk of AMR despite
intensified induction therapy.*®* VXM system also
extended the scope of getting suitable donor for highly
sensitised patients.*’

100 beads. Each has a unique
dye signature and a unique
HLA antigen on its surface
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to specific bead
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The virtual crossmatch. Recipient serum potentially containing
anti-HLA antibodies is added to a mixture of synthetic beads.
Each bead is coated with a set of antigens (screening beads)
or for more precise detail, with a single antigen (single antigen
beads). A unique dye signature (up to 100) specifies the
identity of each bead (A). If anti-HLA antibodies are present
these will bind to the appropriate bead (B) ad detection
antibody can subsequently bind and capture a reporter dye
(C) Each uniue bead can then be interrogated for the presence
of the reporter dye on its surface using a dual beam laser (D).
A profile of antibodies can thus be identified in the recipient
and compared with the known HAL identity of any potential
donor, allowing a prediction of the crossmatch result.

Figure-6: VXM [adapted from Nephrology (Carlton)
2011;16(2):125-33]

Despite dramatic developments in crossmatch science,
none should be used as standalone; one should be used
complementary to other. Given case is a classic example
of this.

Negative DSA in this case virtually excluded the
presence of IgG anti-HLA antibodies (Table 2).
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Table I1. Causes of positive crossmatches — sorted by immunologic relevance(50)

Crossmatch type Caused by Supportive testing results

Immunologically RELEVANT positive crossmatches

iand b ceil IgG class  HLA antibody  Solid phase testing will be positive

for class I antibody

D cen Low uier class i Solid phase testing positive for class
aHUDuUy I antibody

a cell Igu Class 11 HLA Solid phase testing positive for class
antibodv I antibody

T and B cell or B cell alone

Immunologically IRRELEVANT positive crossmatches
T and/or B cell
T and/or B cell

T and/or B cell (CDC or
AHG CDC only)

T and/or B cell (CDC or
AHG CDC only)

T and B cell

Beell

IgG class I and class 11
HLA antibody

Autoantibody
IgG non-HLA antibody

IgM non-HLA antibody

IgM class I or class II
HLA antibody
Thymoglobulin/
Alemtuzumab
Rituximab

Solid phase testing positive for both
class I and class II antibody

Autocrossmatch positive

Solid phase testing negative for class
IorDHLA Ab

Negative after DTT treatment

of serum

Negative after DTT treatment

of serum

Clinical history of drug given

Clinical history of drug given

[Adapted from Transplantation reviews (Orlando, Fla) 2009;23(2):80-93]

The patient might have non-HLA antibodies or
autoantibodies which could not be detected by Luminex-
SAB.%7 As FCXM was also negative which excluded
the possibilities of non-HLA antibodies*® Now two
possibilities would need farther consideration- first “IgM
antibodies” and second “other autoantibodies”.

As both the above mentioned methods cannot identify
IgM antibodies, there is strong possibility that the
CDCXM positivity is due to the presence of IgM
antibodies. This can be confirmed by treating the sera
with DTT and re-crossmatch.*? If still the test remained
positive, it should be considered that, the presence of
non-IgM autoantibodies which farther could be confirmed
by mixing patients lymphocytes with his own serum. In
presence of autoantibodies, the test would be positive.
There are several factors which can cause formation of
autoantibodies as well as false positive CDCXM; SLE is
one of them.>! In SLE, autoantibodies are of usually IgG
type. Importantly transplantation in this type of patients
is uneventful despite positive CDC crossmatch.>?

Conclusion

In conclusion, my impression regarding this patients
CDCXM positivity is due to autoantibodies associated
with his primary disease, SLE. Though there are several
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arguments regarding outcome of transplantation in this
case, considering his age, transplantation is still the best
option, even with the given donor under augmented
immunosuppression and post-transplant protocol biopsy.
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References

1. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D,
etal. Systematic review: kidney transplantation compared with
dialysis in clinically relevant outcomes. Am J Transplant.
2011;11(10):2093-109.

2. Goldstein D, Bose A, Lakkis F. Mechanisms of Renal Allograft
Rejection. In: Runge M, Patterson C, editors. Principles of
Molecular Medicine: Humana Press; 2006. p. 656-62.

3. Hung Do N, Rebecca Lucy W, Germaine W, Wai Hon L. The
Evolution of HLA-Matching in Kidney Transplantation. 2013.

4. Zhou YC, Cecka JM. Effect of HLA matching on renal
transplant survival. Clin Transpl. 1993:499-510.

5. Opelz G. Critical evaluation of the association of acute with
chronic graft rejection in kidney and heart transplant
recipients. The Collaborative Transplant Study. Transplant
Proc. 1997;29(1-2):73-6.

6. Scolari MP, Cappuccilli ML, Comai G, Piccari M, Ortolani
M, Conte D, et al. [Therapy strategies in the prevention of

chronic allograft nephropathy]. G Ital Nefrol. 2005;22 Suppl
31:S36-40.



Cross-matches in Transplantation: Each is Complementary to Other

Haque WMM & Rahim MA

20.

Terasaki PI. Humoral theory of transplantation. Am J
Transplant. 2003;3(6):665-73.

Stone JH. End-stage renal disease in lupus: disease activity,
dialysis, and the outcome of transplantation. Lupus.
1998;7(9):654-9.

Stone JH, Amend WIJ, Criswell LA. Outcome of renal
transplantation in systemic lupus erythematosus. Semin
Arthritis Rheum. 1997;27(1):17-26.

Stone JH, Amend WIJ, Criswell LA. Outcome of renal
transplantation in ninety-seven cyclosporine-era patients with
systemic lupus erythematosus and matched controls. Arthritis
Rheum. 1998;41(8):1438-45.

Pollock CA, Ibels LS. Dialysis and transplantation in patients
with renal failure due to systemic lupus erythematosus. The
Australian and New Zealand experience. Aust N Z J Med.
1987;17(3):321-5.

Chew-Wong A, Soltero L, Dina E, Alvarez-Sandoval E, Alberu
J, Gamba G, et al. [Renal graft survival in patients with
systemic lupus erythematosus]. Rev Invest Clin.
2002;54(1):21-8.

Cairoli E, Sanchez-Marcos C, Espinosa G, Glucksmann C,
Ercilla G, Oppenheimer F, et al. Renal transplantation in
systemic lupus erythematosus: outcome and prognostic factors
in 50 cases from a single centre. Biomed Res Int.
2014;2014:746192.

Banfi G, Leoni A, Moroni G. [Treatment of lupus nephritis
associated with end-stage renal disease]. G Ital Nefrol.
2008;25 Suppl 44:S68-s75.

Wagner CS, Malafronte P, Demetrio DP, de Souza JF, Sens
YA. Outcomes in renal transplant recipients with lupus
nephritis: experience at a single center. Ren Fail.
2014;36(6):912-5.

Oliveira CS, d Oliveira I, Bacchiega AB, Klumb EM,
Albuquerque EM, Souza E, et al. Renal transplantation in
lupus nephritis: a Brazilian cohort. Lupus. 2012;21(5):
570-4.

Chelamcharla M, Javaid B, Baird BC, Goldfarb-Rumyantzev
AS. The outcome of renal transplantation among systemic
lupus erythematosus patients. Nephrol Dial Transplant.
2007;22(12):3623-30.

W. Altermann W. Systemic Lupus Erythematosus Leading to
Terminal Renal Failure and Excluding Patients from Kidney
Allocation Due to Inadequate CDC-based Cross-Matching:
Is There a Diagnostic Way out? Journal of Clinical & Cellular
Immunology. 2014;05(02).

Meier-Kriesche HU, Port FK, Ojo AO, Rudich SM, Hanson
JA, Cibrik DM, et al. Effect of waiting time on renal transplant
outcome. Kidney Int. 2000;58(3):1311-7.

Chung MC, Yu TM, Shu KH, Lan JL, Chen DY, Ho HC, et al.
Influence of pretransplantation dialysis time and lupus activity
on outcome of kidney transplantation in systemic lupus
erythematosus. Transplant Proc. 2014;46(2):336-8.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Gill JS, Tonelli M, Johnson N, Kiberd B, Landsberg D, Pereira
BJG. The impact of waiting time and comorbid conditions on
the survival benefit of kidney transplantation. Kidney Int.
2005;68(5):2345-51.

Opelz G, Wujciak T, Dohler B, Scherer S, Mytilineos J. HLA
compatibility and organ transplant survival. Collaborative
Transplant Study. Rev Immunogenet. 1999;1(3):334-42.

Takemoto SK, Terasaki PI, Gjertson DW, Cecka JM. Twelve
Years’ Experience with National Sharing of HLA-Matched
Cadaveric Kidneys for Transplantation. New England Journal
of Medicine. 2000;343(15):1078-84.

Lim WH, Chadban SJ, Clayton P, Budgeon CA, Murray K,
Campbell SB, et al. Human leukocyte antigen mismatches
associated with increased risk of rejection, graft failure, and
death independent of initial immunosuppression in renal
transplant recipients. Clinical

2012;26(4):E428-E37.

Held PJ, Kahan BD, Hunsicker LG, Liska D, Wolfe RA, Port
FK, et al. The Impact of HLA Mismatches on the Survival of
First Cadaveric Kidney Transplants. New England Journal of
Medicine. 1994;331(12):765-70.

Su X, Zenios SA, Chakkera H, Milford EL, Chertow GM.
Diminishing significance of HLA matching in kidney

Transplantation.

transplantation. American journal of transplantation : official
journal of the American Society of Transplantation and the
American Society of Transplant Surgeons. 2004;4(9):1501-
8.

Siisal C, Opelz G. Current role of human leukocyte antigen
matching in kidney transplantation. Current Opinion in Organ
Transplantation. 2013;18(4):438-44.

Patel R, Terasaki PI. Significance of the positive crossmatch
test in kidney transplantation. N Engl J Med.
1969;280(14):735-9.

Stiller CR, Sinclair NR, Abrahams S, Ulan RA, Fung M,
Wallace AC. Lymphocyte-dependent antibody and renal graft
rejection. Lancet. 1975;1(7913):953-4.

Karpinski M, Rush D, Jeffery J, Exner M, Regele H, Dancea
S, et al. Flow cytometric crossmatching in primary renal
transplant recipients with a negative anti-human globulin
enhanced cytotoxicity crossmatch. Journal of the American
Society of Nephrology : JASN. 2001;12(12):2807-14.

Zeevi A, Girnita A, Duquesnoy R. HLA antibody analysis:
sensitivity, specificity, and clinical significance in solid organ
transplantation. Immunologic research. 2006;36(1-3):255-64.

Scornik JC, Bray RA, Pollack MS, Cook DJ, Marrari M,
Duquesnoy R, et al. Multicenter evaluation of the flow
cytometry T-cell crossmatch: results from the American
Society of Histocompatibility and Immunogenetics-College

of American Pathologists proficiency testing program.
Transplantation. 1997;63(10):1440-5.

Gebel HM, Bray RA. Sensitization and sensitivity: defining
the unsensitized patient. Transplantation. 2000;69(7):1370-4.

125



Birdem Medical Journal

Vol. 6, No. 2, July 2016

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

126

Pena JR, Fitzpatrick D, Saidman SL. Complement-dependent
cytotoxicity crossmatch. Methods Mol Biol. 2013;1034:257-83.

Fuller TC, Fuller AA, Golden M, Rodey GE. HLA
alloantibodies and the mechanism of the antiglobulin-
augmented lymphocytotoxicity procedure. Hum Immunol.
1997;56(1-2):94-105.

Kerman RH, Kimball PM, Van Buren CT, Lewis RM, DeVera
V, Baghdahsarian V, et al. AHG and DTE/AHG procedure
identification of crossmatch-appropriate donor-recipient
pairings that result in improved graft survival. Transplantation.
1991;51(2):316-20.

Le Bas-Bernardet S, Hourmant M, Valentin N, Paitier C, Giral-
Classe M, Curry S, et al. Identification of the antibodies
involved in B-cell crossmatch positivity in renal
transplantation. Transplantation. 2003;75(4):477-82.

Mahoney RJ, Taranto S, Edwards E. B-Cell crossmatching
and kidney allograft outcome in 9031 United States transplant
recipients. Hum Immunol. 2002;63(4):324-35.

Eng HS, Bennett G, Tsiopelas E, Lake M, Humphreys I, Chang
SH, et al. Anti-HLA donor-specific antibodies detected in
positive B-cell crossmatches by Luminex predict late graft
loss. American journal of transplantation : official journal of
the American Society of Transplantation and the American
Society of Transplant Surgeons. 2008;8(11):2335-42.

Mulley WR, Kanellis J. Understanding crossmatch testing in
organ transplantation: A case-based guide for the general
nephrologist. Nephrology (Carlton). 2011;16(2):125-33.

Bryan CF, Martinez J, Muruve N, Nelson PW, Pierce GE,
Ross G, et al. IgM antibodies identified by a DTT-ameliorated
positive crossmatch do not influence renal graft outcome but
the strength of the IgM lymphocytotoxicity is associated with
DR phenotype. Clin Transplant. 2001;15 Suppl 6:28-35.

Tardif GN, McCalmon RT, Jr. Successful renal transplantation
in the presence of donor specific HLA IgM antibodies.
Transplant Proc. 1995;27(1):664-5.

Garovoy MR, Rheinschmidt MA, Bigos M, Perkins H,
Colombe B, Feduska N, et al. FLOW-CYTOMETRY
ANALYSIS - A HIGH TECHNOLOGY CROSSMATCH
TECHNIQUE FACILITATING TRANSPLANTATION.
Transplantation Proceedings. 1983;15(3):1939-44.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Christiaans MHL, Overhof R, ten Haaft A, Nieman F, van
Hooff JP, van den Berg-Loonen EM. NO ADVANTAGE OF
FLOW CYTOMETRY CROSSMATCH OVER
COMPLEMENT-DEPENDENT CYTOTOXICITY IN
IMMUNOLOGICALLY WELL-DOCUMENTED RENAL
ALLOGRAFT RECIPIENTS.
1996;62(9):1341-7.

Transplantation.

Limaye S, O’Kelly P, Harmon G, O’Neill D, Dorman AM,
Walshe J, et al. Improved Graft Survival in Highly Sensitized
Patients Undergoing Renal Transplantation After the
Introduction of a Clinically Validated Flow Cytometry
Crossmatch. Transplantation. 2009;87(7):1052-6.

Bray RA, Tarsitani C, Gebel HM, Lee JH. Clinical cytometry
and progress in HLA antibody detection. Methods Cell Biol.
2011;103:285-310.

Ellis TM, Schiller JJ, Roza AM, Cronin DC, Shames BD,
Johnson CP. Diagnostic accuracy of solid phase HLA antibody
assays for prediction of crossmatch strength. Hum Immunol.
2012;73(7):706-10.

Amico P, Hirt-Minkowski P, Honger G, Gurke L, Mihatsch
MJ, Steiger J, et al. Risk stratification by the virtual
crossmatch: a prospective study in 233 renal transplantations.
Transpl Int. 2011;24(6):560-9.

Bingaman AW, Murphey CL, Palma-Vargas J, Wright F. A
virtual crossmatch protocol significantly increases access of
highly sensitized patients to deceased donor kidney
transplantation. Transplantation. 2008;86(12):1864-8.

Tinckam K. Histocompatibility methods. Transplantation
reviews (Orlando, Fla). 2009;23(2):80-93.

Schlaf G, Mauz-Korholz C, Ott U, Leike S, Altermann W.
General insufficiency of the classical CDC-based crossmatch
to detect donor-specific anti-HLA antibodies leading to invalid
results under recipients” medical treatment or underlying
diseases. Histol Histopathol. 2012;27(1):31-8.

Schlaf G, Pollok-Kopp B, Schabel E, Altermann W. Artificially
Positive Crossmatches Not Leading to the Refusal of Kidney
Donations due to the Usage of Adequate Diagnostic Tools.
Case Reports in Transplantation. 2013;2013:6.



