
I

c
s

Human Immunology 73 (2012) 370-375

Contents lists available at SciVerse ScienceDirect
Antibody monitoring system to support the single-antigen Luminex assay in
donor-specific antibody detection
Hyeon Seok Hwang a, In O Sun a, Hye Eun Yoon a, Bum Soon Choi a, Eun Jee Oh b, Ji Il Kim c,
n Sung Moon c, Yong Soo Kim a, Chul Woo Yang a,*

a Division of Nephrology, Department of Internal Medicine, The Catholic University of Korea, Seoul, Korea
b Department of Laboratory Medicine, The Catholic University of Korea, Seoul, Korea
c Department of Surgery, The Catholic University of Korea, Seoul, Korea

A R T I C L E I N F O

Article history:
Received 17 October 2011
Accepted 24 January 2012
Available online 31 January 2012

Keywords:
Antibody monitoring system
Luminex assay
Renal transplantation

A B S T R A C T

The antibody monitoring system (AMS) is a crossmatch test using enzyme-linked immunoassay to detect
donor-specific anti-HLA antibodies (DSA). The aim of this study was to determine whether the AMS assay is
useful for supporting DSA results measured with single-antigen Luminex assay (Luminex-DSA) in renal
transplant recipients. Thirty sera from 12 sensitized recipients and 71 sera from 60 nonsensitized recipients
were screened by complement-dependent cytotoxic crossmatch (CDC-XM), flow cytometric crossmatch
(FCXM), AMS, and the Luminex assays. Twenty-two sera (73.3%) from sensitized patients were positive for
Luminex-DSA, and the AMS assay revealed the great specificity and positive predictive value for detecting
Luminex-DSA in sera from sensitized patients. Positivity in the AMS assay was observed most frequently in
Luminex-DSA–positive sera with �10,000 mean fluorescence intensity (MFI) levels (66.7%). Of the 101 sera,
the results of the AMS assay were compatible with CDC-XM results in 73 sera (91.3%) and with FCXM results
in 72 sera (90.0%); these rates were significantly higher for the AMS assay than for the Luminex assay (p �

0.008 for CDC-XM and p� 0.001 for FCXM). In conclusion, the AMS assay is useful as a supportive solid-phase
method for predicting actual crossmatch and high level of Luminex-DSA in sensitized patients.

� 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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1. Introduction

Identification of donor-specific anti-HLA IgG antibody (DSA) is
important in renal transplantation. The presence of DSA in pre-
transplant recipients may cause antibody-mediated rejection,
which leads to high rates of graft loss, and is predictive of chronic
rejection and allograft failure [1–3]. The number of available test
options for detecting DSA has increased markedly in the renal
transplantation field in the past few decades.

Strategies to increase the sensitivity of the crossmatch tests
include the use of the anti-human globulin-augmented comple-
ment-dependent cytotoxicity crossmatch (CDC-XM) and flow cy-
tometry crossmatch (FCXM) assays [4,5]. Both tests increase the
diagnostic yield in pretransplant immune monitoring, and they
remain important in clinical decisionmaking about transplantation
and desensitization. However, these assays have some limitations
because they do not distinguish between clinically relevant anti-
bodies to the donor HLA and irrelevant antibodies directed against
other cell surface antigen (Ag) [6,7].

More recently developed solid-phase assays allow detailed
haracterization of HLA antibodies in transplant candidates. The
ingle-Ag Luminex assay has emerged as an ideal tool for detecting
o
* Corresponding author.

E-mail address: yangch@catholic.ac.kr (C.W. Yang).

0198-8859/$36.00 � 2012 American Society for Histocompatibility and Immunogenetics
doi:10.1016/j.humimm.2012.01.017
SA because it has high specificity and sensitivity. New testing
echniques allow the quantification of DSA to a degree not previ-
usly possible using cell-based crossmatch tests [8]. However, sev-
ral concerns have been raised, because the routine Luminex assay is
oo sensitive andmay exclude potentially acceptable donor–recipient
airs, and theweakHLA antibodies detected in the Luminex assay are
linically irrelevant. In addition, the results of the Luminex assay are
ncompatiblewith those of cell-based tests in some situations [9–11].

The antibodymonitoring system (AMS) is a crossmatch test using
nzyme-linked immunoassaymethodwith solubledonorHLAAg.We
ave reported previously that the AMS assay produces similar results
o the FCXMassay in renal transplant recipients and that it is useful as
solid-phase crossmatch test [12,13]. The aim of this study was to

nvestigate whether the AMS assay is a useful method for supporting
he single-Ag Luminex assay for DSA detection in renal transplant
ecipients. We also compared the ability of the AMS and Luminex
ssays to predict the CDC-XM and FCXM results.

. Subjects and methods

.1. Patients and serum samples

This study was approved by the institutional review board of
eoul St. Mary’s Hospital (KC11RISI0743). A total of 101 sera were

btained from72 patients between January 2010 andMay 2011. All

. Published by Elsevier Inc. All rights reserved.
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sera were screened for the presence of alloantibody by four tests:
AMS, single-Ag Luminex, CDC-XM, and FCXM assays. Lymphocytes
and HLA glycoproteins for the crossmatch test and AMS assaywere
prepared from each paired donor.

Figure 1 illustrates the number of serum samples depending on
the type of renal transplantation and time of sample collection.
Twelve patients were sensitized to HLA Ag and underwent the
desensitization protocol for renal transplantation. A total of 30 sera
were prepared from these patients, and 17 serawere obtained after
use of desensitization protocol. Of these, 3 patients did not receive
the renal transplantation. Thirteen sera were prepared from 10
recipients receiving ABO-incompatible transplantation, and 4 sera
were obtained after use of anti-ABO antibody removal protocol.
Therefore, 21 sera from these patients were obtained after use of
anti-CD20 monoclonal antibody for desensitization or anti-ABO
antibody removal and they were excluded when the AMS and
Luminex assaywere comparedwith crossmatch test. Routine renal
transplantation was performed in 42 recipients and eight trans-
plant candidates who were not transplanted were included in this
study.

2.2. Immunosuppression and clinical data

The routine immunosuppressant for renal transplantation was
cyclosporine A or tacrolimus (FK506) in combinationwithmycophe-
nolate mofetil and prednisolone. Basiliximab was used as an addi-
tional induction therapy. The desensitization and anti-ABO antibody
removal protocol was used as previously described [14,15].

The transplant patients were grouped by AMS or Luminex assay
esults before desensitization or anti-ABO antibody removal. The
cute rejectionwas diagnosed by core needle biopsy and identified

Transplant 
candidates 
(n = 8, 7.9%)

Prior to 
desensitization 
(n = 13, 12.9%)

After 
desensitization  
(n = 17, 16.8%)

Routine 
transplantation 
(n = 50, 50.0%)

Prior to 
anti-ABO Ab

removal 
(n = 9, 8.9%)

( , )

After anti-ABO 
Ab removal 
(n = 4, 4.0%)

Sera from transplant candidates

Sera from routine transplant recipients

Sera from recipients receiving ABO-incompatible transplantation

Sera from patients receiving desensitization

Sera from transplant candidates

Fig. 1. Number of serum samples depending on the type of renal transplantation

and time of sample collection. The relevant number and percent of sera were given
in parentheses.
into the Banff 1997 working classification of renal allograft pathol-
ogy [16,17]. The estimated glomerular filtration rate (eGFR) was
calculated using the abbreviated Modification of Diet in Renal Dis-
ease (MDRD) Equation [18].

2.3. AMS assay

The AMS assay (GTI., Waukesha, WI) was performed according
to the manufacturer’s instructions. Donor lymphocytes were solu-
bilized with a nonionic detergent to prepare HLA glycoprotein.
Aliquots of sera were stored at �80�C before analysis. The solubi-
lized HLA glycoprotein was added to microwells onto which mu-
rinemonoclonal antibody specific forHLA class I or class II had been
immobilized. After washing the microwells containing the bound
glycoproteins, the recipients’ sera were added to the wells so that
the antibodies in the sera attached to the donorHLA glycoprotein in
the microwells. Purified goat anti-human IgG antibody conjugated
to alkaline phosphatase was added, and the presence of bound
antibodies was detected with p-nitrophenyl phosphate substrate.
The control sera were provided bymanufacture and all AMS assays
included a negative, positive, and lysate control to assess the
amount of HLA class I and HLA class II antigens captured from the
lysate. The optical density was read at 490 nm on a BEP-III proces-
sor (Dade Behring, Marburg, Germany). Reactions were considered
positive if the optical density was more than twice the average of
the negative controls.

2.4. Single-Ag Luminex assay and DSA measured with the single-Ag
Luminex assay (Luminex-DSA)

The single-Ag Luminex assay was performed according to the
manufacturer’s instructions using Lifecodes LifeScreen Deluxe kits
(Tepnel Lifecodes, Stamford, CT). The microbeads coated with pu-
rified HLA class I/class II glycoproteins were incubated with 12.5 �l
f serum in 96-well plates for 30 minutes. After three washes with
vacuum manifold, the beads were incubated with 50 �l of 1:10

diluted R-phycoerythrin (PE)–conjugated goat anti-human IgG for
30 minutes. After washing, the test samples were analyzed using
the Quick-Type Version 2.4 User’s Manual RUO program in LAB-
Scan100 flow cytometer (Luminex, Austin, TX); both positive and
negative controls were included. The positive criterion was amean
fluorescence intensity (MFI) �1000.

In all patients and donors, HLA typing was performed by the
NAmolecular typingmethod using reverse sequence-specific oli-
onucleotide probes using the RELI TM SSOHLA-A, B, DR Typing Kit
Dynal Biotech, Bromborough, UK). If the detected anti-HLA anti-
ody measured by the single-Ag Luminex assay corresponded to
he mismatched donor HLA Ag, we defined the detected anti-HLA
ntibody as positive Luminex-DSA. If two or more than Luminex-
SAwere detected in one serum, the peakMFI level was defined as
hat of Luminex-DSA with strongest reactivity. The peak MFI level
as used to classify the sera into weak (1000 � MFI � 5000),
oderate (5000 � MFI � 10,000), or strong (MFI �10,000) MFI.

.5. CDC-XM test

Donor B cells were isolated using CD19 monoclonal antibody
ttached to beads and T cells were isolated by negative selection. A
-�l quantity of donor cell suspension (2 � 106 cells/ml) was

incubated with 1 �l of recipient serum for 30 minutes at room
temperature, 1 �l of anti-human globulin was added, and the mix-
ture was incubated for 30 minutes at 37�C. The cells were washed,
rabbit complement was added, and the mixture was incubated for
60 minutes at room temperature. The cells were stained with acri-
dine orange and ethidium bromide, and observed for cytotoxicity
using an immunofluorescentmicroscope. The CDC-XM results for T
and B cells were considered positivewhen cell death exceeded that

of the negative control well by 20%.
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2.6. FCXM test

For the FCXM test, 2 � 105 donor lymphocyteswere added to 50
�l of sera and then incubated for 30 minutes at room temperature.
luorescein isothiocyanate–labeled anti-human IgG (Dako, Kyoto,
apan) and PE-labeled CD19 or CD3 (Dako) were added, and the
ells were incubated for 30 minutes. The cells were washed and
hen analyzed in a Coulter EPICS XL flow cytometer (Beckman
oulter, San Diego, CA). A positive FCXM test result was defined as
displacement of the mean channel fluorescence (MCF) by �10
hannels relative to the negative control and donor autologous
ontrol.We also defined positive cases as amedian relative fluores-
ence, calculated as [test MCF/(recipient autologous MCF � donor
utologousMCF�healthy autologousMCF)/3]�1.5, and if theMCF
as �3 SD above the negative control MCF.

.7. Statistical analysis

The results are expressed as mean � SD for continuous vari-
bles. Comparisons were made using the �2 test for categorical

data. The degree of concordance between two tests is presented as
the � value, which was calculated from Kendall’s tau-b test. To
uantify the usefulness of the Luminex-DSA MFI as a predictor of
MS positivity, receiver operating characteristic (ROC) curveswere
lotted. Statistical analysis was performed using SPSS software
ersion 15.0 (SPSS, Inc., Chicago, IL).

. Results

.1. Patients, anti-HLA antibody and Luminex-DSA status

The mean age of 72 patients was 42.4 � 11.7 years, and 48
atients (66.7%) were men. The mean HLA mismatch number to
aired donor was 3.5 � 1.4, and 10 patients (13.9%) had sensitiza-
ion history of previous renal transplantation. There were no recip-
ents receiving deceased donor transplantation.

The distribution of anti-HLA antibody detected by the single-Ag
uminex assay in 101 sera is illustrated in Fig. 2. Themost prevalent
nti-HLA antibodies were directed against HLA-DR Ag (30.7%). The
revalence of anti–HLA-C and anti–HLA-DQ antibody was rarely
resent, but anti–HLA-DQantibodywas detected in 23 sera (22.8%).
ll tested sera were evaluated for the presence of Luminex-DSA. A
otal of 72 sera (71.3%) were negative for Luminex-DSA HLA class I
nd II (Table 1). The positive Luminex-DSA were directed against
LA class I Ag in six sera (5.9%), against HLA class II Ag in 17 sera
16.8%), and against both class I and class II Ag in six sera (5.9%).
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Fig. 2. Prevalence of anti-HLA antibody in studied sera.
.2. Comparison between AMS assay and Luminex-DSA

The AMS assay was negative against HLA class I and II Ags in 88
era (87.1%). In the AMS assay, two sera were positive for HLA class
Ag and 9 sera were positive for HLA class II Ag. Two sera (2.0%)
ere positive for both class I and class II Ags in theAMSassay. Of the
01 sera, the AMS results were compatible with the Luminex-DSA
n 79 sera (78.2%). We evaluated the diagnostic accuracy of the
uminex-DSAMFI using a ROC curve to predict AMS positivity (Fig.
). The area under the curve was 0.861 (95% confidence interval
95% CI] � 0.735–0.986, p � 0.001). The best cutoff threshold of the
uminex-DSA MFI for AMS positivity was 1945 (sensitivity, 84.6%;
pecificity, 85.2%).

Of the 71 sera from nonsensitized recipients, weak, and moder-
te Luminex-DSA was detected in six sera (8.5%) and one serum
1.4%), respectively. The AMS results were concordant with the
uminex-DSA in 63 sera (88.7%). Positivity in the AMS assay was
bserved in one serum with weak Luminex-DSA positivity and in
wo sera with Luminex-DSA negativity. The sensitivity of the AMS
ssay for the detection of Luminex-DSA was 14.3%; the specificity
as 96.9%; the positive predictive value was 33.3%, and the nega-
ive predictive value was 91.2%.

Of the 30 sera from sensitized recipients, 22 sera (73.3%) were
ositive for Luminex-DSA. Nine sera (30.0%) had strong Luminex-
SA positivity, 4 (13.3%) had weak Luminex-DSA positivity, and 9
30.0%) had moderate Luminex-DSA positivity. The AMS results
ere concordant with the Luminex-DSA in 16 sera (53.3%). Positiv-

Table 1
Comparison of the AMS assay with DSA detected by single-antigen Luminex assay

Luminex DSA AMS assay

I�, II� I�, II� I�, II� I�, II�

I�, II� 70 (69.3) 0 1 (1.0) 1 (1.0)
I�, II� 5 (5.0) 1 (1.0) 0 0
I�, II� 10 (9.9) 0 7 (6.9) 0
I�, II� 13 (12.9) 1 (1.0) 1 (1.0) 1 (1.0)

DSA, donor-specific antibody; AMS, antibodymonitoring system; I, anti- HLA class I
antibody; II, anti-HLA class II antibody.
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Fig. 3. Receiver-operating characteristic (ROC) curve to predict antibody monitor-
ing system (AMS) positivity for donor-specific anti-HLA immunoglobulin G anti-
body (DSA) mean fluorescence intensity (MFI) of single-antigen Luminex assay in

101 sera. Area under the ROC curve was 0.861 (p � 0.001). DSA, donor-specific
antibody; MFI, mean fluorescence intensity.
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ity in the AMS assay was observed most frequently in Luminex-
DSA–positive sera with a strong MFI level (66.7%). In weak and
moderate Luminex-DSA–positive sera, the positive rates for the
AMS assaywere 25% and 33.3%, respectively (Fig. 4). The sensitivity
of the AMS assay for the detection of Luminex-DSA was 45.5%; the
specificity was 100.0%; the positive predictive value was 100.0%,
and the negative predictive value was 40.0%.

3.3. Comparison between AMS and Luminex-DSA with the
CDC-XM assay

The AMS and Luminex assays were compared with the CDC-XM
assay (Table 2). Of the 101 sera, 21 sera were excluded because
rituximab or the desensitization protocol might have influenced
the cell-based crossmatch tests. The AMS assay resultswere similar
to the CDC-XMresults in 73 sera (91.3%), and therewas a significant
degree of concordance (� � 0.54, p � 0.001). Of nine sera with AMS
positivity, 2 serawere positive for bothHLA class I and class II Ags in
the AMS assay. The CDC-XM was simultaneously positive for both
T- and B-cell in one serum, but the other one was negative for
CDC-XM. Two serawere positive for class I Ag in the AMS assay, and
the results of CDC-XM were also positive for T-cell. The AMS assay
was positive for HLA class II Ag in the five sera. Of these, two sera
were positive for B-cell CDC-XM, but CDC-XM was negative in the
three sera.

The Luminex-DSA was compatible with the CDC-XM results in
68 sera (85.0%), and there was significant concordance (� � 0.42,
p � 0.001). Comparison of the AMS and Luminex-DSA results with
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Fig. 4. Positive rate of AMS assay classified by Luminex-DSA intensity in 30 sera
from sensitized recipients. The positivity for AMS assaywas 25%, 33.3%, and 66.7% in
weak, moderate, and strong Luminex-DSA–positive sera, respectively. MFI, mean
fluorescence intensity.

Table 2
Number of compatible or incompatible sera in the AMS and DSA by single-antigen

For CDC-XM

AMS Luminex DSA

Compatible 73 (91.3) 68 (85.0)
Incompatible 7 (8.8) 12 (15.0)
ote: Twenty-one sera were excluded from a total of 101 sera, because of the influence o
SA, donor-specific antibody; CDC-XM, complement-dependent cytotoxicity crossmatch
he CDC-XM results showed that the number of compatible sera
as significantly higher for the AMS assay results than for the
uminex-DSA (p � 0.008).

3.4. Comparison between the AMS assay Luminex-DSA with the
FCXM assay

The AMS assay results were compatible with the FCXM assay
results in 72 sera (90%), and there was a significant degree of
concordance between the FCXM assay and AMS assay results (� �
0.50, p � 0.001). Of two sera with AMS positivity against both class
and class II Ags, FCXM assay was positive for both T- and B-cell in
ne serum, but the other onewasnegative for FCXM. TheAMSassay
as positive for HLA class I Ag in two sera and FCXM was also
ositive for T-cell. Five sera were positive for class II Ag in the AMS
ssay. Of these, two sera were positive for B-cell FCXM, but the
ther three sera were negative for FCXM.
The Luminex-DSA was compatible with the FCXM assay results

n 68 sera (85.0%). There was a significant degree of concordance
etween the FCXM and Luminex assay results (� � 0.46, p� 0.001).
omparison of the number of compatible sera between AMS and
uminex assay resultswith the FCXMassay results showed that the
umber of compatible sera was significantly higher for the AMS
ssay results than for the Luminex-DSA (p � 0.001).

3.5. Clinical significance of the AMS assay in patients with positive
Luminex-DSA

Table 3 shows clinical characteristics and outcomes in 12 pa-
tients with positive Luminex-DSA (Table 3). The sequential data of
some patients after desensitization were also summarized in the
supplemental Table 1. Of 12 patients with positive Luminex-DSA,
six patients also showed the AMS positivity. The patients with
positive AMS showed tendency of higher proportion of re-trans-
plantation and desensitization than the patients with negative
AMS. Acute antibody-mediated rejection was developed only in
patientswith AMS positivity (n� 3, 50%). The eGFR at 12months in
AMS-positive recipients was lower than in AMS-negative recipi-
ents, although it was statistically insignificant.

ex assay relative to crossmatch tests

For FCXM

lue AMS Luminex DSA p Value

8 72 (90.0) 68 (85.0) 0.001
8 (10.0) 12 (15.0)

able 3
omparison of transplantation outcomes between positive and negative AMS
esults in patients with positive Luminex-DSA

Positive AMS
(n � 6)

Negative AMS
(n � 6)

p Value

Pretransplantation
Age (y) 39.5 � 11.0 45.3 � 7.7 0.312
Male (%) 4 (66.7) 2 (33.3) 0.567
HLA-mismatch number 3.33 � 1.37 3.67 � 1.03 0.644
Re-transplantation (%) 4 (66.7) 1 (16.7) 0.242
Desensitization (%) 5 (83.3) 2 (33.3) 0.242
ABO-incompatibility (%) 1 (16.7) 2 (33.3) 1.00

Posttransplantation
Acute cellular rejection (%) 1 (16.7) 1 (16.7) 1.00
Acute antibody mediated

rejection (%)
3 (50.0) 0 0.182

eGFR at 12 months (ml/
min/1.73 m2)

48.7 � 2.0 72.6 � 30.7 0.157

Allograft loss (%) 0 0 —
Lumin

p Va

0.00
f the pre-transplantation desensitization protocol.
; FCXM, flow cytometry crossmatch; AMS, antibody monitoring system.
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4. Discussion

The results of our study clearly demonstrate that the AMS assay
has high specificity and high positive predictive value to detect
Luminex-DSA in the sera from sensitized recipients and that the
positivity in the AMS assay was closely associated with positive
Luminex-DSAwith strongMFI level. Furthermore, the results of the
AMS assay were more concordant with those of the CDC-XM and
FCXMassays thanwere those of the single-Ag Luminex assay. These
findings suggest that the AMS assay is useful for predicting actual
crossmatch results and strong Luminex-DSA in sensitized patients.

In sensitized renal transplantation, cell-based crossmatch has
several limitations. It lacks the specificity for HLA antigen, and use
of anti-CD20 monoclonal antibody yielded false-positive results.
Furthermore, the requirement for viable donor cell might interfere
with post-transplantation immunologic monitoring. Therefore,
solid-phase assay is a fundamental tool in renal transplantations of
sensitized patients [19]. In our study, the AMS assay had a high
positive predictive value for Luminex-DSA in sensitized patients,
and the positivity of AMS assay was closely associated with Lu-
minex-DSA–positive sera with strong MFI. These findings suggest
that the AMS assay is a useful solid-phase assay that might over-
come the limitations of the conventional cell-based method.

Several recent investigations have reported that the weak anti-
HLA antibody does not necessarily translate into the clinical rele-
vance [9,10,17–20]. In the present study, AMS assay showed the
igh negative predictive value to detect Luminex-DSA in nonsensi-
ized recipients and Luminex-DSA–positive sera with weak MFI
ere usually associated with negativity in the AMS assay. Further-
ore, the best prediction of AMS positivity was an MFI of approx-

mately 2000 in the ROC curve. These findings suggest that the AMS
ssay is helpful to differentiate the weak Luminex-DSA and that it
ight optimize the excessive sensitivity of the Luminex assay.
In two sera from nonsensitized recipients, the AMS assay results

ere positive but the Luminex-DSA results were negative. We pre-
umethat theAMSassaymighthaveproducedfalse-positiveresults in
hese sera because the sera were also negative in the CDC-XM and
CXM assays. Nevertheless, the false-positive results were infre-
uently found in the results of AMS assay using healthy donor and
ymphocytes (Supplemental Table S2). Interestingly, the evidence of
ecent Epstein–Barr virus (EBV) infection and anti-neutrophil anti-
ody was observed in those patients. These findings suggest that the
nterference from autoantibody or EBV associated antibody could be
elated to the false-positive results of the AMS assay.

The high sensitivity and specificity of the single-Ag Luminex
ssay for detecting DSA facilitates virtual crossmatching in renal
ransplantation. However, multiple studies have demonstrated
hat virtual crossmatching is limited when predicting the cross-
atch results accurately, because the Luminex assay is not donor
pecific and the crossmatch is not HLA specific [21,23,24]. In our
study, the AMS assay had significantly higher compatibility for the
crossmatch than the single-Ag Luminex assay. These findings sug-
gest that the AMS assay can improve the accuracy of virtual cross-
matching, and should reduce the likelihood of the loss of opportu-
nity for transplantation.

The Luminex platform assay enables the quantification of anti-
HLA antibodies and allows risk stratification for adverse immuno-
logic events after renal transplantation. However, the MFI level of
Luminex-DSA alone was not enough to obtain better clinical per-
formance, and it is increased when a third-party immunemonitor-
ing method is simultaneously positive [9,22]. In this study, we
demonstrated that patients with positivity for both AMS assay and
Luminex-DSA were more likely to show reduced eGFR and high
incidence of acute antibody-mediated rejection than those with

positivity for Luminex-DSA only. These findings suggest that the
AMS assay can serve as a method to support the single-antigen
Luminex assay for appraising the immunologic risk.

Several findings in our study indicate the clinical advantages of
the AMS assay to support the Luminex assay. First, the AMS assay is
beneficial for predicting actual crossmatch after desensitization
because its results are not influenced by desensitization. Therefore,
the AMS assay can help the Lumnex assay to determine whether,
and when, desensitization can be discontinued. Second, the AMS
assay is useful to investigate the donor specificity in patients with
different results between Luminex and crossmatch assay. Because
the AMS assay is both donor specific and HLA specific, it supports
the functional relevance of the Luminex-DSA.

One limitation of this study is that we could not include the larger
sample size to interpret the clinical relevance of incompatible results
between the AMS assay and single-Ag Luminex assay. In addition, we
measured the donor-directed antibody against only HLA-A, -B, and
-DRbutnot againstHLA-C, -DQ, and -DP.A study that includes a larger
number of sera and patients with complete HLA typing is needed to
determine which test is more predictive of allograft outcome.

In conclusion, the AMS assay is useful as a supportive solid-
phase method for predicting actual crossmatch and high level of
Luminex-DSA in sensitized patients. The AMS assay has the advan-
tages of both the crossmatch and solid-phase assays, and can pro-
vide useful information about the immunologic status of renal
transplant recipients.
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Supplemental Table 2 The results of AMS assay in twenty 
healthy individuals

Patient AMS class I AMS class II 

1 negative negative 

2 negative negative 

3 negative negative 

4 negative negative 

5 negative negative 

6 negative negative 

7 negative negative 

8 negative negative 

9 negative negative 

10 negative negative 

11 negative negative 

12 negative negative 

13 negative negative 

14 negative negative 

15 negative negative 

16 negative negative 

17 negative negative 

18 negative negative 

19 negative negative 

20 negative negative 

 

AMS = antibody monitoring system; AMS class I = AMS 
assay against HLA class I antigen; AMS class II= AMS assay 
against HLA class II antigen. 
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