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SUMMARY
Background: Plasmapheresis (PP) is commonly used for desensitization in highly sensitized patients with donorspecific antibodies (DSA) in living donor kidney transplantation. We analyzed the impact of DSA levels before and
after desensitization on renal allograft outcome.
Methods: Twenty-three patients who underwent desensitization with PP, intravenous immunoglobulin (IVIG), and
rituximab before kidney transplantation in Seoul National University Hospital from August 2006 to August 2016
were enrolled. The association of median fluorescent intensity (MFI) value of DSA with graft outcome was analyzed.
Results: The frequency of positive HLA class II DSA after desensitization was lower in patients without antibodymediated rejection (AMR) compared to those with AMR (p = 0.006). The cutoff value of MFI sum of HLA class II
DSA after desensitization for predicting AMR was 2,122 with 63% sensitivity and 94% specificity. The frequency
of moderate HLA class II DSA (MFI 5,000 - 10,000) after desensitization was significantly higher in patients with
graft loss compared to those without graft loss (p = 0.02).
Conclusions: Weak HLA class II DSA after desensitization including PP, IVIG, and rituximab was related to
AMR and moderate levels of HLA class II DSA after desensitization was related to graft loss in living donor kidney transplantation.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190706)
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INTRODUCTION
The presence of donor specific HLA antibodies (DSAs)
pre-transplantation are known to be associated with antibody-mediated rejection (AMR) and allograft loss [1,
2]. Desensitization including plasmapheresis (PP), lowdose intravenous immunoglobulin (IVIG), and rituximab has been used to decrease DSA in highly sensitized
patients for living donor kidney transplantation [3-6].
However, the acceptable level of DSA before and after
desensitization including PP, IVIG, and rituximab in
living donor kidney transplantation is not well defined
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for detection of bound antibodies. FACSCalibur (BD
Biosciences, NJ, USA) was used for flowcytometric
analysis. Positive crossmatch result was defined as the
MFI (median fluorescent intensity) ratio (test sample
median MFI value to normal human AB type serum
MFI value) of more than 2.0 for T cells and more than
1.5 for B cells.

yet. The aim of this study was to evaluate the association of DSA levels before and after desensitization
therapy including PP, IVIG, and rituximab with renal
allograft outcome.
MATERIALS AND METHODS

Anti-HLA antibody assay
Anti-HLA antibody assay was performed by LIFECODES LSA Class I and II Single Antigen (Immucor,
Stamford, CT, USA), according to the recommendations of the manufacturer. In brief, 10 μL of serum and
40 μL of single antigen beads of HLA class I or class II
were added to microplate wells. Incubation of the
microplate for 30 minutes was performed at room temperature in the dark. After the microplate wells were
washed, 50 μL of secondary PE-conjugated goat antihuman IgG antibody was added, followed by incubation
at room temperature for 30 minutes in the dark. Samples
were analyzed with a Luminex 200TM system (Luminex, Austin, TX, USA). The cutoff value of MFI to define the positive reaction was 500. The intensity of MFI
values of DSA were classified as strong (MFI ≥
10,000), moderate (5,000 - 9,999), weak (1,000 4,999), and very weak (500 - 999). For quantitative
comparison, MFI of a negative result (< 500) was regarded as 500. DSA levels were defined as the sum of
MFI values of each DSA: anti-HLA class I DSA (antiHLA-A+anti-HLA-B), anti-HLA class II DSA (antiHLA-DR, anti-HLA-DR51/52/53, and anti-HLA-DQ),
and total DSA (anti-HLA class I + anti-HLA class II).

Subjects
A total of 23 patients who were treated with desensitization therapy with PP, IVIG, and rituximab before kidney transplantation from living donors in Seoul National University Hospital from August 2006 to August
2016 were included. The desensitization protocol was as
follows; Tacrolimus (0.05 mg/kg twice daily) and mycophenolate mofetil (MMF, 750 mg twice daily) were
administered two days before the first PP. PP was performed three times a week using 4% albumin and/or
fresh frozen plasma, replacing 1 to 1.5 plasma volumes
at a time. The number of PP procedures for each patient
was from 3 to 11 (5.9 ± 2.5). After each PP, intravenous
immunoglobulin (IVIG, 100 mg/kg) was given. Rituximab (375 mg/m2 of body surface area, i.v.) was given
three days before the first PP and pre-transplantation
one day. Transplantation was performed when the flow
cytometric HLA crossmatch test was converted to negative. For induction therapy, basiliximab (4 mg i.v. on
day 0 and day 4) was administered. The immunosuppression with tacrolimus, MMF, and prednisolone were
administered during the post-transplantation period.
This study was approved by Institutional Review Board
of Seoul National University Hospital (IRB No. 1904123-102).

Monitoring and treatment of rejection
Protocol biopsy was performed at about 12 days and 1
year post-transplantation. In addition, all patients who
were suspected of rejection by abnormal laboratory tests
underwent a kidney biopsy. The biopsy results were described by the Banff 2013 classification [9]. Patients
with T-cell mediated rejection (TMR) were given methylprednisolone pulse therapy for 3 days (1g/day). AMR
was treated with PP, IVIG (100 mg/kg), and rituximab
(375 mg/m2). The median follow-up months was 64.2
± 37.9 (median ± SE).

HLA DNA typing
DNA samples of patients and donors were extracted
from peripheral blood by using QuickGene DNA whole
blood kit (Fujifilm, Tokyo, Japan) or LaboPass Genomic DNA Extraction Kit (COSMO, Seoul, Korea).
HLA-A, -B, and -DR typing was performed using
LIFECODES HLA sequence specific oligonucleotide
(SSO) Typing Kits (Immucor Transplant Diagnostics,
Stamford, CT, USA), according to the manufacturer’s
recommendations. HLA-DQ typing of donors was performed when DQ antibodies were detected to determine
reactivity to donor HLA-DQ.

Statistical methods
The median ± standard error (SE) was calculated for
quantitative variables. Comparison of categorical variables between the two groups was analyzed using Fisher's exact test or the chi-square test. For analysis of continuous variables, Mann-Whitney U test was applied.
ROC curve analysis of each parameter (DSA class I,
class II, and total DSA) for predicting TMR or AMR
was performed. A p-value < 0.05 was considered significant. Statistical software used was SPSS, version 21.0
(IBM, Armonk, NY, USA).

HLA crossmatch test
Complement dependent cytotoxic crossmatch was performed following the method by National Institutes of
Health and enhanced technique with anti-human globulin [7]. Flowcytometric crossmatch (FCXM) was performed as previously described with pronase treatment
[8]. Peridinin chlorophyll protein (PerCP)-mouse antihuman CD3 and phycoerythrin (PE)-mouse anti-human
CD19 (all from BD Bioscience, San Jose, CA, USA)
were used for staining T and B lymphocytes, respectively. FITC-mouse anti-human IgG (Jackson Immunoresearch, West Grove, PA, USA) antibodies were added
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Table 1. Association of donor-specific HLA antibody before desensitization (baseline) with graft rejection.

DSA

AR
(n = 11)
n (%)

No AR
(n = 12)
n (%)

p

AMR
(n = 8)
n (%)

No AMR
(n = 15)
n (%)

p

TMR
(n = 5)
n (%)

No TMR
(n = 18)
n (%)

p

Class I/II

11 (100.0)

10 (83.3)

ns

8 (100.0)

14 (93.3)

ns

4 (80.0)

17 (94.4)

ns

Class I

5 (45.5)

8 (66.7)

ns

3 (37.5)

10 (66.7)

ns

2 (40.0)

11 (61.1)

ns

A

4 (36.4)

3 (25.0)

ns

3 (37.5)

4 (26.7)

ns

2 (40.0)

5 (27.8)

ns

B

2 (18.2)

6 (50.0)

ns

1 (12.5)

7 (46.7)

ns

1 (20.0)

7 (38.9)

ns

8 (72.7)

5 (41.7)

ns

7 (87.5)

6 (40.0)

ns

4 (80.0)

9 (50.0)

ns

Class II
DR

*

5 (45.5)

2 (16.7)

ns

5 (62.5)

2 (13.3)

0.026

3 (60.0)

4 (22.2)

ns

DR51/52/53

3 (27.3)

3 (25.0)

ns

3 (37.5)

3 (20.0)

ns

0 (0.0)

6 (33.3)

ns

DQ

5 (45.5)

2 (16.7)

ns

4 (50.0)

2 (13.3)

ns

2 (40.0)

5 (27.8)

ns

AR - all rejections, AMR - antibody mediated rejection, TMR - T cell mediated rejection, ns - not significant. * - HLA DR specificities excluding DR51/52/53.

Table 2. Association of donor-specific HLA antibody after desensitization (at the time of transplantation) with graft rejection.

DSA

AR
(n = 11)
n (%)

No AR
(n = 12)
n (%)

p

AMR
(n = 8)
n (%)

No AMR
(n = 15)
n (%)

p

TMR
(n = 5)
n (%)

No TMR
(n = 18)
n (%)

p

Class I/II

11 (100.0)

5 (41.7)

0.037

8 (100.0)

8 (53.3)

ns

5 (100.0)

11 (61.1)

ns

Class I

5 (45.5)

3 (25.0)

ns

3 (37.5)

5 (33.3)

ns

2 (40.0)

6 (33.3)

ns

A

3 (27.3)

0 (0.0)

ns

2 (25.0)

1 (7.1)

ns

1 (20.0)

2 (11.1)

ns

B

2 (18.2)

3 (25.0)

ns

1 (12.5)

4 (26.7)

ns

1 (20.0)

4 (22.2)

ns

Class II

8 (72.7)

2 (16.7)

0.012

7 (87.5)

3 (20.0)

0.006

4 (80.0)

6 (33.3)

ns

5 (45.5)

0 (0.0)

0.014

6 (75.0)

0 (0.0)

< 0.001

3 (60.0)

3 (16.7)

ns

DR51/52/53

3 (27.3)

2 (16.7)

ns

3 (37.5)

1 (66.7)

ns

0 (0.0)

5 (27.8)

ns

DQ

5 (45.5)

1 (8.3)

ns

3 (37.5)

2 (13.3)

ns

1 (20.0)

4 (22.2)

ns

DR

*

AR - all rejections, AMR - antibody mediated rejection, TMR - T cell mediated rejection, ns - not significant. * - HLA DR specificities excluding DR51/52/53.

desensitization was also significantly lower in patients
without AMR compared to those with AMR (20.0% vs.
87.5%, p = 0.006), however, it was not associated with
TMR. Among class II DSA, frequency of HLA-DR
DSA was significantly lower in patients without AR
compared to those with AR (0.0% vs. 45.5%,
p = 0.014). Frequency of HLA-DR DSA was also significantly lower in patients without AMR compared to
those with AMR (0.0% vs. 75.0%, p < 0.001). Positive
rates of HLA-DR51/52/53 or HLA-DQ DSA were not
associated with AMR (Table 2).
For the survival of the allograft, the frequency of strong
HLA class II DSA (MFI > 10,000) before desensitization and moderate intensity HLA class II DSA (MFI
5,000 - 10,000) after desensitization were significantly
higher in patients with graft loss (n = 2) compared to

RESULTS
Among 23 patients, after desensitization, class I DSA
was positive in 8 patients and class II DSA was positive
in 10 patients. Eight patients had acute AMR (three
combined with TMR), one patient had chronic AMR,
and two patients had only TMR.
Regarding baseline DSA (before desensitization), positive rate of baseline HLA-DR DSA was significantly
lower in patients without AMR compared to those with
AMR (13.3% vs. 62.5%, p = 0.026) (Table 1). After desensitization, class I DSA did not affect occurrence of
allograft rejection. However, frequency of class II DSA
was significantly lower in patients without all rejections
(AR) compared to those with AR (16.7% vs. 72.7%,
p = 0.012) (Table 2). Positive rate of class II DSA after
Clin. Lab. 1+2/2020
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Table 3. Median MFI values of DSA according to occurrence of AMR.
AMR (n = 8)

No AMR (n = 15)

p

Baseline (before desensitization)
Class I + II

9,352 ± 2,014

2,953 ± 2,361

ns

Class I

500 ± 839

966 ± 1,064

ns

Class II

7,535 ± 1,669

500 ± 2,233

0.013

HLA-DR

2,587 ± 1,261

500 ± 81

0.023

DR51/52/53/DQ

2,980 ± 1,428

500 ± 492

ns

4,247 ± 1,101

504 ± 701

0.023

After desensitization
Class I + II
Class I

500 ± 136

500 ± 131

ns

Class II

3,508 ± 1,022

500 ± 715

0.005

HLA-DR

893 ± 679

500 ± 0

0.013

DR51/52/53/DQ

1,439 ± 688

500 ± 99

ns

MFI - median fluorescence intensity, AMR - antibody mediated rejection, ns - not significant.

Figure 1. ROC analysis of median fluorescence intensity (MFI) value of donor specific HLA antibody (DSA) for antibody mediated rejection (AMR).
A: MFI value of baseline DSA before desensitization for predicting AMR. B: MFI value of DSA after desensitization for AMR. Cutoff value of
MFI sum of baseline HLA class II DSA was 5,743 with 75% sensitivity and 97% specificity. Cutoff value of MFI sum of baseline HLA-DR
DSA was 1,999 with 63% sensitivity and 100% specificity. Cutoff value of MFI sum of HLA class II DSA after desensitization was 2,122 with
63% sensitivity and 94% specificity. The cutoff value of HLA-DR DSA after desensitization was 577 with 63% sensitivity and 100% specificity.

those without graft loss (n = 16) (100.0% vs. 6.3%,
p = 0.02 for both).
The MFI sum of baseline class II DSA was lower in patients without AMR than in patients with AMR (median

± SE, 500 ± 2,233 vs. 7,535 ± 1,669, p = 0.013) (Table
3). Among class II DSA, the MFI sum of baseline
HLA-DR DSA was lower in patients without AMR
compared to those with AMR (median ± SE, 500 ± 81
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choice for moderately (MFI < 10,000 at baseline) sensitized patients.
In our study, using an MFI cutoff value of 2,122 for
class II DSA after desensitization, the sensitivity and
specificity for predicting AMR were 63% and 94%,
respectively. With a cutoff value of MFI 577 of HLADR DSA, the sensitivity and specificity for predicting
AMR were 63.0% and 100.0%, respectively. The level
of HLA-DR DSA which can predict occurrence of
AMR was very low (MFI value of 577) in our study.
Wu et al. also reported that there was significant association between weak DSA of MFI > 500 and AMR in 15
living donor transplantations with pretransplant DSA
positivity (HR = 7.9, p = 0.001) [11]. In many studies, it
has also been reported that HLA class II DSAs are more
strongly associated with AMR than class I antibodies
[12-14]. HLA class I antigens are expressed not only on
the endothelium of peritubular and glomerular capillaries but also on larger vessels of kidneys [15]. HLA
class I antibodies with sub-saturating concentration
cause resistance towards complement mediated lysis
and result in accommodation [16]. Whereas, HLA-DR
antigens are expressed only on the endothelium of peritubular and glomerular capillaries [15], it can therefore
be postulated that even lower levels of HLA-DR DSA
can damage the endothelium of peritubular and glomerular capillaries and cause AMR.
In our study, DR51/52/53 or HLA-DQ DSA was not associated with occurrence of AMR. The expression level
of HLA-DR51/52/53 or HLA-DQ is lower than that of
HLA-DR in normal renal vascular endothelial cells, although HLA-DQ expression is increased by cytokines
such as IFN-gamma which is related to the vessel injury
[17]. Therefore, we can assume that HLA-DQ DSA can
be relatively tolerable in living donor transplantation,
because the damage of the donor kidney can be less in
living donor transplantation (short cold ischemic time
and relatively good general condition of living donors
compared to deceased donors). We should perform further studies to confirm our hypothesis.
In addition, MFI values of DSA among different laboratories are not standardized yet. It can partially contribute to the difference of level of DSA which impacts renal allograft outcome from different transplantation centers. The variations are due to the lack of standardization in Luminex assays for MFI values, variable density
of HLA antigens on single antigen beads, lot-to-lot variation, differences between vendors, and difference in
the calculation of MFI intensity of DSA (peak vs. sum
of DSA, low resolution vs. high resolution HLA typing)
[18,19]. Further efforts are needed to standardize the
methods for detecting and determining DSAs that have
clinical significance.

vs. 2,587 ± 1,261, p = 0.023). The MFI sum of baseline
HLA-DR51/52/53 and HLA-DQ DSA was not associated with AMR (Table 3).
HLA class II DSA and HLA-DR DSA levels before and
after desensitization were evaluated by ROC curve analysis (Figure 1). For predicting AMR, a cutoff value of
MFI sum of baseline HLA class II DSA was 5,743 with
75% sensitivity and 97% specificity (area under the
curve, AUC 0.813, p = 0.015) (Figure 1, panel A). The
cutoff value of MFI sum of baseline HLA-DR DSA was
1,999 with 63% sensitivity and 100% specificity (AUC
0.787, p = 0.026). The cutoff value of MFI sum of HLA
class II DSA after desensitization was 2,122 with 63%
sensitivity and 94% specificity (AUC 0.850, p = 0.007)
(Figure 1, panel B). The cutoff value of HLA-DR DSA
after desensitization was 577 with 63% sensitivity and
100% specificity (AUC 0.813, p = 0.015). Class II DSA
or HLA-DR DSA did not predict occurrence of TMR in
ROC analysis (data not shown).
DISCUSSION
Transplantation from living donors after desensitization
in sensitized patients has been performed successfully
with desensitization protocols including IVIG, PP, and
rituximab [3,6] PP is effective in lowering DSA levels
over a short-term period; however, the association between DSA levels before or after desensitization and
graft outcome is still not clear.
Regarding baseline DSA levels before desensitization,
the high levels of DSA (MFI >10,000) were associated
with the development of AMR and lower graft survival
[10]. Another study reported that the baseline strong
DSA (MFI > 10,000) was associated with AMR but not
with graft survival [5]. In our study, the presence and
level of baseline class II DSA before desensitization affected the occurrence of AMR and the presence of
strong class II DSA (MFI > 10,000) was associated with
allograft loss. Based on this study results, we may consider finding other possible donors rather than performing desensitization therapy if class II DSA is strongly
positive.
With regards to association of DSA level after desensitization and graft outcome, Keven et al. reported that
mean MFI level of DSA was 2,753 in 5 patients treated
with PP and IVIG, and though acute rejection rate was
increased, there was no graft failure during 17 months
follow-up [4]. In 4 pediatric patients with DSA levels of
negative to MFI value of 4,672 after desensitization,
there was no occurrence of acute rejection and the graft
function was stable for 1 to 4.5 years of follow-up [6].
In our study, there was also strong association with low
levels of class II DSA and AMR. However, in patients
with low levels of class II DSA, with immediate therapy
for AMR, the graft function was stable in long term follow-up. Therefore, kidney transplantation after desensitization with close monitoring of occurrence of AMR
and immediate therapy for AMR can be reasonable
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CONCLUSION
Though there are some limitations to our study (small
number of patients and heterogeneity in number of plas-
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mapheresis for desensitization), we revealed that low
levels of class II DSA, especially HLA-DR DSA after
desensitization including PP, IVIG, and rituximab was
associated with AMR in living donor kidney transplantation, however, it did not affect long term graft outcome. Pretransplant measurement of DSA by Luminex
single antigen bead assays before and after desensitization can be useful to predict the occurrence of AMR and
allograft loss in living donor kidney transplantation.
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