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A bs tr ac t

Background

Good HLA-A, HLA-B, and HLA-DR matches do not guarantee rejection-free renal 
transplantation. Some kidney transplants fail despite such matches, suggesting 
that other antigens might be targets for rejection. Major-histocompatibility-complex 
(MHC) class I–related chain A (MICA) antigens are polymorphic and can elicit anti-
body production. We sought to determine whether an immune response to MICA 
antigens might play a role in the failure of kidney allografts.

Methods

Pretransplantation serum samples from 1910 recipients of kidney transplants from 
deceased donors were tested for anti-MICA antibodies with an assay in which single 
MICA antigens were attached to polystyrene microspheres.

Results

Antibodies against MICA alleles were detected in 217 of the 1910 patients (11.4%). 
The presence of MICA antibodies was associated with renal-allograft rejection. The 
mean (±SE) 1-year graft-survival rate was 88.3±2.2% among recipients with anti-
MICA antibodies as compared with 93.0±0.6% among recipients without anti-MICA 
antibodies (P = 0.01). Among recipients of first kidney transplants, the survival rate 
was even lower among MICA antibody–positive patients (87.8±2.4%) than among 
MICA antibody–negative recipients (93.5±0.6%, P = 0.005). In addition, the association 
of MICA sensitization with reduced graft survival was more evident in kidney-trans-
plant recipients with good HLA matching: among 326 recipients who received well-
matched kidneys (0 or 1 HLA-A plus HLA-B plus HLA-DR mismatch), sensitization 
against MICA was associated with poorer allograft survival (83.2±5.8% among 
those with anti-MICA antibodies vs. 95.1±1.3% among those without such antibodies, 
P = 0.002).

C o n c l u s i o n s

Presensitization of kidney-transplant recipients against MICA antigens is associated 
with an increased frequency of graft loss and might contribute to allograft loss 
among recipients who are well matched for HLA.
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Major-histocompatibility-complex 
(MHC) class I–related chain A (MICA) 
antigens are surface glycoproteins1 with 

functions related to innate immunity.2-4 MICA 
antigens are expressed on endothelial cells, den-
dritic cells, fibroblasts, epithelial cells, and many 
tumors, but not on peripheral-blood lymphocytes. 
As with the HLA antigens, which MICA antigens 
resemble only remotely in terms of structure, ex-
posure to allogeneic MICA during transplantation 
can elicit antibody formation.5 It is well known 
that antibodies against HLA antigens, especially 
those recognizing donor antigens, can severely 
damage kidney allografts.6 Transplantation per-
formed in the presence of a positive donor cross-
match may result in hyperacute vascular rejection.7,8 
Antibodies against HLA antigens have also been 
associated with both acute vascular rejection9,10 
and chronic rejection.11 Since MICA antigens are 
not expressed on lymphocytes,12 the cells com-
monly used for cross-matching, antibodies direct
ed against MICA are not detected with the meth-
ods generally used. However, polymorphic MICA 
antigens are expressed on endothelial cells12 and 
have been found to be cytotoxic in the presence 
of serum complement,13 so it is likely that such 
antibodies are harmful to vascularized organ allo
grafts.

Preliminary studies with small numbers of pa
tients indicated that MICA antibodies detected 
after transplantation might be associated with 
impaired survival of kidney allografts,13-17 and an 
analysis of eluates from kidneys undergoing im-
munologic rejection has suggested that MICA 
antibodies may be involved in the pathogenesis of 
kidney-allograft rejection.18 Using the resources 
of the Collaborative Transplant Study, we ana-
lyzed serum samples obtained before transplan-
tation from 1910 kidney-transplant recipients. We 
tested the serum samples for antibodies against 
MICA antigens and correlated the results with 
the clinical outcome.

Me thods

Specimen Collection

Pretransplantation serum samples from 1910 kid-
ney recipients who underwent transplantation 
with organs from deceased donors between 1990 
and 2004 were provided by 20 centers in 13 coun-
tries. The centers included in this analysis pro-

vided written assurance of compliance with local 
ethical and consent guidelines and of patients’ 
written consent for the use of data for scientific 
analysis. The study was approved by the ethics 
committee of the University of Heidelberg.

Laboratory Tests

IgG anti-HLA class I reactivity in the serum sam-
ples was tested with the use of Quickscreen en-
zyme-linked immunosorbent assay (ELISA) kits 
and for IgG anti-HLA class II reactivity with the 
use of B-Screen ELISA kits (GTI Diagnostics). HLA 
typing and panel-reactive HLA antibodies were 
determined by the tissue-typing laboratories at 
the participating centers.

Tests for IgG antibodies against MICA anti-
gens were performed with the use of soluble 
MICA antigens produced in insect cells coupled 
to polystyrene microbeads (Luminex) in our labo-
ratory in Dallas. These antigens were based on 
our previous complementary DNA constructs of 
MICA*001, MICA*002, MICA*004, MICA*008, and 
MICA*009.18 Fragments encoding the signal pep-
tide and the extracellular domains of these pro-
teins, including a recognition sequence for en-
zymatic biotinylation and a six-histidine coding 
sequence with a stop codon, were cloned into 
pEnter-3C vector (Invitrogen) and selected after 
sequencing. A baculovirus system was used to 
produce soluble proteins in High Five insect cells 
(Invitrogen). These recombinant proteins were 
affinity purified by nickel-affinity agarose and 
coupled in duplicate to carboxylated polystyrene 
microspheres and, after biotinylation, to LumAvi-
din microspheres (Luminex).

For the assay, serum samples or control sam-
ples were incubated with both sets of beads and 
reacted with phycoerythrin-conjugated goat anti-
human IgG (One Lambda). Fluorescence was read 
with a Luminex 100 flow cytometer (Luminex). 
A threshold was determined for each bead from 
the mean value for the relative amount of bind-
ing plus 3 SD in serum samples from 21 healthy 
persons. According to the relative amount of bind
ing and the threshold for each bead, a score of 
1 was negative, 2 was doubtful, 4 was weakly pos
itive, 6 was positive, and 8 was strongly positive. 
For the analysis of graft outcome, scores of 1 and 
2 were considered to be negative and scores of 
4 to 8 were considered to be positive. Reactions 
were considered to be positive when the carboxyl-
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ated-coupled and the avidin-coupled beads with 
a given antigen were both positive.

Statistical Analysis

Allograft function was analyzed 3, 6, and 12 
months after transplantation. No patients were 
excluded for any reason. Twenty-three patients 
(1.2%) were lost to follow-up within 3 to 6 months 
after transplantation, and 34 (1.8%) were lost to 
follow-up between 6 and 12 months after trans-
plantation. Actuarial graft-survival rates were 
computed according to the Kaplan–Meier meth-
od19 and expressed as mean (±SE) percentages. 
Graft survival was compared for patients with 
and those without MICA antibodies by means of 
log-rank analysis. In addition, multifactorial Cox 
regression analysis was performed20 to consider 
the effect of potential confounders. In this second 
analysis, we examined the following covariables: 
the year of transplantation; the number of grafts; 
the ages of the donor and recipient; and the pa-
tient’s sex and race, original disease, geographic 
region (continent), number of HLA-A plus HLA-B 
plus HLA-DR mismatches, percentage of panel-
reactive antibodies, HLA class I and class II anti-
bodies, cold-ischemia time, type of immunosup-
pression, and number of pretransplantation blood 
transfusions. Results are given as adjusted hazard 
ratios. The software packages SPSS (version 14.0) 
and SAS (version 8.2) were used for statistical 
analysis.

R esult s

Table 1 lists the characteristics of the patients. 
Only three variables were significantly different 
among the two groups of patients. There were 
slightly more MICA antibody–positive serum sam-
ples from patients who underwent transplanta-
tion between the years 2000 and 2004 than among 
those who underwent transplantation in earlier 
years. Because serum samples were selected for 
this study on the basis of available sample vol-
ume, aliquots of specimens collected in earlier 
years were, in some cases, depleted or reduced to 
an insufficient quantity for the MICA antibody 
assay; hence, these earlier sample groups were 
relatively small. Also, the duration of cold ischemia 
was slightly longer in the MICA antibody–negative 
group (Table 1), and a few more patients in the 
MICA antibody–positive group received mycophe-

nolic acid as part of their immunosuppressive 
regimens.

A total of 217 of the 1910 transplant recipients 
whose serum was tested for anti-MICA antibod-
ies before transplantation (11.4%) were found to 
have antibodies against one or more MICA alleles. 
The presence of MICA antibodies was associated 
with an increased rate of kidney-allograft rejec-
tion (Fig. 1). Patients with anti-MICA antibodies 
had a 1-year graft-survival rate of 88.3±2.2% as 
compared with 93.0±0.6% among patients in the 
MICA antibody–negative group (P = 0.01). The dif-
ference between the groups was maintained at 
5 years after transplantation. When only recipients 
of first transplants were considered, the graft-
survival rate was 87.8±2.4% among 183 MICA 
antibody–positive patients as compared with 
93.5±0.6% among the 1473 recipients who were 
MICA antibody–negative (P = 0.005). In addition, 
the association of MICA sensitization with re-
duced graft survival was more evident in kidney-
transplant recipients with good HLA matching. 
Among 326 recipients who received kidneys that 
were well matched (0 or 1 HLA-A plus HLA-B plus 
HLA-DR mismatch), sensitization against MICA 
was associated with reduced allograft survival 
(83.2±5.8% among those with MICA antibodies 
vs. 95.1±1.3% among those without such antibod-
ies; hazard ratio for allograft loss, 4.97; P = 0.002). 
In contrast, MICA antibodies were associated with 
only a small reduction in allograft survival, which 
did not reach statistical significance, for recipi-
ents with less well-matched kidneys (2 to 4 HLA-A 
plus HLA-B plus HLA-DR mismatches; hazard 
ratio for allograft loss, 1.29; P = 0.36) or poorly 
matched kidneys (5 to 6 HLA-A plus HLA-B plus 
HLA-DR mismatches; hazard ratio for allograft 
loss, 1.63; P = 0.50).

It appears that the correlation between the pres
ence of anti-MICA antibodies and reduced kidney-
allograft survival was not influenced by the simul
taneous presence of antibodies against HLA, 
since this was a rare occurrence. Among 1910 pa
tients tested for HLA class I antibodies, only 37 
(1.9%) had both MICA antibodies and antibodies 
against HLA class I antigens, and only 35 (1.8%) 
had both anti-MICA and anti-HLA class II anti-
bodies. Moreover, the presence of antibodies 
against MICA was highly correlated with a poor 
outcome among recipients who were not sensi-
tized against HLA (Fig. 2). Thus, among 1626 
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Table 1. Characteristics of the Study Population.*

Characteristic
MICA-Negative Group 

(N = 1693)†
MICA-Positive Group 

(N = 217) P Value

Geographic origin — no. (%) 0.17

Europe 1220 (72) 166 (76)

North America 473 (28) 51 (24)

Transplantation year — no. (%) 0.037

1990–1994 359 (21) 30 (14)

1995–1999 264 (16) 35 (16)

2000–2004 1070 (63) 152 (70)

Transplant number — no. (%) 0.27

First transplant 1473 (87) 183 (84)

Subsequent transplant 220 (13) 34 (16)

Recipient sex — no. (%) 0.07

Male 1031 (61) 146 (67)

Female 662 (39) 71 (33)

Recipient race — no./total no. (%)† 0.11

White 1483/1539 (96) 189/201 (94)

Nonwhite     56/1539 (4) 12/217 (6)

Latest panel-reactive HLA-antibody value — no. (%) 0.12

0% 1449 (86) 177 (82)

>0% 244 (14) 40 (18)

Recipient age — yr 47.3±13.8 47.0±14.5 0.82

Donor age — yr 42.6±16.8 44.0±17.3 0.18

Cold-ischemia time — hr 19.7±7.6 18.1±6.7 0.007

HLA-A+B+DR mismatches — no./total no. (%) 0.07

0–1   284/1687 (17)   42/217 (19)

2–4 1240/1687 (74) 144/214 (67)

5–6   163/1687 (10)   30/217 (14)

Calcineurin inhibitor use — no./total no. (%) 0.12

Cyclosporine 1068/1685 (63) 150/214 (70)

Tacrolimus   547/1685 (32)   55/211 (26)

No calcineurin inhibitors     70/1685 (4)   10/217 (5)

Antiproliferative use — no. (%) 0.006

Azathioprine 426 (25) 56 (26)

Mycophenolic acid 1027 (61) 146 (68)

Neither 232 (14) 13 (6)

Corticosteroid use — no. (%) 0.97

Corticosteroids 1662 (99) 212 (98)

No corticosteroids 23 (1) 3 (1)

Induction status 0.59

Induction — no. (%) 665 (39) 89 (41)

No induction — no./total no. (%) 1020/1672 (61) 126/213 (59)

*	Plus–minus values are means ±SD. Percentages may not sum to 100 owing to rounding. MICA denotes major-histo­
compatibility-complex class I–related chain A.

†	Race was reported by the patients.
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patients with 0% panel-reactive HLA antibod-
ies, there was a higher rate of rejection-related 
allograft loss among 177 patients with antibod-
ies against MICA. The allograft-survival rate in 
this group was 87.4±2.5%, as compared with 
93.4±0.7% among recipients with 0% panel-reac-
tive HLA antibodies and no antibodies against 
MICA (P = 0.004).

With the use of multivariate analysis, we ex-
amined the relationship between the presence of 
antibodies against MICA among different sub-
populations of patients (Table 2). There was a 
significant negative association between MICA 
antibodies and allograft survival among first 
kidney-transplant recipients (hazard ratio for allo
graft loss, 1.86; 95% confidence interval [CI], 
1.17 to 2.97; P = 0.009), patients who received a 
transplant with 0 or 1 mismatches for HLA-A, 
HLA-B, or HLA-DR antigens (hazard ratio for allo
graft loss, 5.19; 95% CI, 1.94 to 13.88; P = 0.001), 
and patients with no panel-reactive HLA antibod-
ies (hazard ratio for allograft loss, 1.85; 95% CI, 
1.23 to 2.78; P = 0.003). There were no significant 
effects on the outcome for any covariable with 
antibodies against MICA.

We attempted to investigate the source of the 
immunization that leads to the production of 
antibodies against MICA in recipients awaiting 
kidney transplants. We examined the number of 
transfusions received by patients with and those 
without antibodies against MICA and compared 
these results with the number of transfusions 
received by recipients with antibodies against HLA 
class I and class II antigens (Table 3). Among 
142 patients with antibodies against HLA class I 
as determined by means of ELISA, 48.6% had re
ceived six or more transfusions. In contrast, 
among 1100 recipients without HLA class I anti-
bodies, only 16.9% had received six or more trans-
fusions (P<0.001). Similarly, the proportion of pa
tients with HLA class II antibodies who had 
received six or more transfusions was increased 
by a factor of more than 2 as compared with 
patients without such antibodies (P<0.001) (Ta-
ble 3). In contrast, the frequency of transfusions 
did not differ significantly between recipients 
with and those without antibodies against MICA 
(P = 0.15) (Table 3). This result suggests that it is 
likely that antibodies against MICA were not pro-
duced in response to immunization by transfu-
sions.

We did observe, however, that patients sensi-
tized against HLA antigens were somewhat more 

likely to have antibodies against MICA as well. 
Thus, MICA antibodies were found in 37 of 220 
patients with HLA class I antibodies as deter-
mined by means of ELISA (16.8%), as compared 
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Figure 1. Effect of Antibodies against MICA Antigens  
in Pretransplantation Serum on the Survival of Kidney 
Transplants from Deceased Donors.

Graft survival is shown for all 1910 patients in the study. 
The rate of graft survival was lower among the 217 
recipients who had antibodies against major-histocom­
patibility-complex class I–related chain A (MICA) be­
fore transplantation (P = 0.01).
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Figure 2. Effect of Antibodies against MICA Antigens  
in Pretransplantation Serum on Kidney-Graft Survival 
in Relation to Panel-Reactive HLA Antibodies.

Graft survival is shown for the 1626 patients who were 
not sensitized against HLA antigens before transplan­
tation (0% panel-reactive HLA antibody value). The 
rate of graft survival was lower among the 177 recipi­
ents with antibodies against major-histocompatibility- 
complex class I–related chain A (MICA) (P = 0.004).
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with 180 of 1684 recipients (10.7%) without HLA 
class I antibodies (P = 0.007). Similarly, MICA anti
bodies were present in 35 of 204 patients with 
HLA class II antibodies (17.2%) as determined 
by means of ELISA, as compared with 182 of 
1692 (10.8%) of those without HLA class II anti-
bodies (P = 0.007).

Discussion

Our study provides evidence that sensitization 
against MICA antigens before transplantation was 
associated with decreased renal-allograft survival. 
The graft loss associated with anti-MICA anti-
bodies appears to occur early in the post-trans-
plantation period, a typical feature of rejection 
mediated by preformed antibodies. We have pre-
viously reported that some patients awaiting kid-
ney transplantation had antibodies against certain 
MICA alleles.5,18 Among patients in whom an allo
graft was rejected, the frequency of antibodies 
against MICA was higher,16 in keeping with in-
creased expression of MICA and MHC class I–
related chain B (MICB) in organs undergoing re-
jection.21,22 Our findings suggest that patients 
with antibodies against MICA before transplan-
tation did not receive more transfusions than pa-
tients without such antibodies. These findings are 
in sharp contrast to the known effect of transfu-
sions in the production of antibodies against class 

I and class II HLA antigens; this effect was clearly 
shown in our analysis of serum samples from the 
same group of patients. Thus, transfusions were 
unlikely to have caused the appearance of anti-
bodies against MICA. We speculate that cross-
reactivity with substances from the environment 
may play a role in priming the immune system, 
facilitating MICA antibody production.

The association of MICA antibodies with allo
graft rejection was most clearly observed among 
recipients who received grafts that were well 
matched in terms of HLA-A plus HLA-B plus 
HLA-DR. When anti-MICA antibodies were detect
ed before transplantation, the loss of grafts with
in the first 3 months after transplantation was 
more common, but differences between the groups 
were maintained at the end of the first year after 
transplantation and beyond. The association of 
antibodies against MICA antigens and allograft 
rejection was strong in the group of recipients 
without panel-reactive HLA antibodies, suggesting 
that the immune response to MICA antigens 
might play a role in rejection in the absence of 
previous sensitization against HLA. This associa-
tion with antibodies against MICA was signifi-
cant in groups of patients commonly considered 
to be at low risk for allograft rejection: recipients 
of first transplants, patients who received grafts 
from well–HLA-matched donors, and recipients 
not previously sensitized against HLA. In these 
patients, kidney transplants were lost significant
ly more often when antibodies against MICA were 
present before the transplantation. Thus, we hy-
pothesize that the failure of some well-matched, 
low-risk kidney transplants might be explained 
by a heretofore undetected immune response 
against MICA antigens.

Our study has certain limitations. Typing of 
the donors for MICA antigens could not be per-
formed because donor DNA was not available; 
thus, formal proof of donor specificity could not 
be obtained. Also, the mechanism by which anti-
bodies against MICA antigens develop in recipi-
ents before transplantation remains unknown.

Because of the strong effect of the HLA anti-
gens in transplant rejection, the role of minor 
histocompatibility antigens in kidney-transplant 
rejection has not received much attention. How-
ever, kidneys from HLA-identical siblings do fail 
at a rate in keeping with the lower immunogenic-
ity of the minor histocompatibility loci. Recently 
one of us reported that transplants from HLA-

Table 2. Influence of Antibodies against MICA in Subgroups of Patients.*

Group
No. of  

Patients
Hazard Ratio  

(95% CI)† P Value

All patients 1910 1.63 (1.05–2.52) 0.028

Transplant number

First transplant 1656 1.86 (1.17–2.97) 0.009

Subsequent transplant 254 0.77 (0.22–2.70) 0.68

HLA-A+B+DR mismatches

0–1 326 5.19 (1.94–13.88) 0.001

2–4 1384 1.35 (0.78–2.34) 0.29

5–6 193 1.79 (0.41–7.83) 0.44

Latest panel-reactive HLA  
antibody value

0% 1626 1.85 (1.23–2.78) 0.003

>0% 284 0.88 (0.26–3.01) 0.84

*	MICA denotes major-histocompatibility-complex class I–related chain A.
†	Hazard ratios are for transplant rejection in patients who had antibodies 

against MICA as compared with patients who did not.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



Antibodies against MICA Antigens and Kidney-Tr ansplant Rejection

n engl j med 357;13  www.nejm.org  september 27, 2007 1299

identical siblings fail more frequently among re-
cipients who have higher levels of panel-reactive 
antibodies than among those with lower levels,23 
suggesting that an immune response against 
antigens other than HLA might play a determin-
ing role in kidney-graft failure. Since the MICA 
locus is within the MHC, recipients and donors 
who are HLA-identical by descent would also 
invariably be matched for MICA. Therefore, the 
observed difference in graft survival among re-
cipients of transplants from HLA-identical sib-
lings cannot be attributed to MICA. In unrelated 
transplants well matched for HLA-A, HLA-B, and 
HLA-DR, however, mismatching for MICA may 
occur. The association between antibodies against 
MICA and allograft rejection was most evident 
in this well-matched and low-risk group in our 
study.

Polymorphisms distinct from those of the 
HLA system may also affect the outcome of kid-
ney allografts. Antibodies against endothelial 
cells were observed among many recipients in 
whom kidney allografts were rejected.24-26 Other 
polymorphisms possibly associated with kidney-
allograft failure are those involving vimentin,27 
platelet-specific antigens,28 genes that encode 
various cytokines,29 chemokines and their recep-
tors,30 and molecules of the renin–angiotensin 
system.31

Our earlier studies indicated that antibodies 
against MICA alleles are produced after trans-
plantation,5 and several subsequent studies have 
shown similar findings.13-17 The possibility that 
MICA antigens might be targets during organ-
transplant rejection is strengthened by the find-
ing that these antigens are expressed on endothe-
lial cells,12 that MICA, as well as MICB, can be 
detected in kidneys undergoing rejection,21,22 and 
that anti-MICA antibodies can kill target cells in 
the presence of serum complement.13 T cells can 
recognize and proliferate in response to MICA 
antigens.32 Other studies have shown that the 
frequency of antibodies against MICA increases 
after transplantation5,18 and that the frequency 
is higher among recipients who undergo kidney-
allograft rejection as compared with recipients 
who do not undergo rejection.17 Additional evi-
dence suggesting that MICA antigens might be 
directly involved in kidney-transplant rejection 
came from a study in which, in collaboration 
with Grosse-Wilde and coworkers, we analyzed 

59 acid eluates from kidneys determined to have 
been lost as a result of immunologic rejection.18 
Eleven of the eluates contained anti-MICA anti-
bodies, and five eluates contained antibodies 
against MICA but not against HLA.

Our current study shows increased rates of 
allograft failure among patients with antibodies 
against MICA before transplantation. Anti-MICA 
antibodies can be readily detected in serum from 
patients on the transplant waiting list, and re-
cipients at risk for allograft failure might thus be 
identified.

Although we favor the hypothesis that MICA 
antibodies are causally involved in allograft rejec-
tion, we have not formally proved that the anti-
bodies that correlate with decreased graft survival 
are specific for the MICA antigens of the donor. 
If that turns out to be the case, it will be impor-
tant to develop strategies to reduce or eliminate 
the effect of MICA antibodies on kidney-graft 
outcome.

Supported by the Transplantation Immunology Division, Uni-
versity of Texas Southwestern Medical Center, and by the Univer-
sity of Heidelberg.

Dr. Stastny reports serving as an invited speaker at histocom-
patibility workshops sponsored by One Lambda; Dr. Opelz, serv-
ing as a consultant to Roche and Bristol-Myers Squibb regarding 
data safety monitoring for prospective drug trials; and Dr. Süsal, 
receiving lecture fees from Biotest and Genzyme. No other po-
tential conflict of interest relevant to this article was reported.

We thank Daria Perez Alonso for excellent technical assistance 
and Barbara A. Moyer for secretarial work with an earlier version 
of the manuscript.

Table 3. Effect of the Number of Pretransplantation 
Transfusions on Antibodies against HLA Class I,  
HLA Class II, or MICA.*

Antibodies Transfusions P Value

0–5 (N = 987) ≥6 (N = 255)

no. (%)

HLA class I <0.001

Negative 914 (92.6) 186 (72.9)

Positive 73 (7.4) 69 (27.1)

HLA class II <0.001

Negative 910 (92.2) 202 (79.2)

Positive 77 (7.8) 53 (20.8)

MICA 0.15

Negative 866 (87.7) 232 (91.0)

Positive 121 (12.3) 23 (9.0)

*	MICA denotes major-histocompatibility-complex class I–
related chain A.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



n engl j med 357;13  www.nejm.org  september 27, 20071300

Antibodies against MICA Antigens and Kidney-Tr ansplant Rejection

References

Bahram S, Bresnahan M, Geraghty DE, 
Spies T. A second lineage of mammalian 
major histocompatibility complex class I 
genes. Proc Natl Acad Sci U S A 1994;91: 
6259-63.

Jinushi M, Takehara T, Kanto T, et al. 
Critical role of MHC class I-related chain 
A and B expression on IFN-alpha-stimu-
lated dendritic cells in NK cell activation: 
impairment in chronic hepatitis C virus 
infection. J Immunol 2003;170:1249-56.

Menier C, Riteau B, Carosella ED, 
Rouas-Freiss N. MICA triggering signal 
for NK cell tumor lysis is counteracted by 
HLA-G1-mediated inhibitory signal. Int J 
Cancer 2002;100:63-70.

Tieng V, Le Bouguenec C, du Merle L, 
et al. Binding of Escherichia coli adhesin 
AfaE to CD55 triggers cell-surface expres-
sion of the MHC class I-related molecule 
MICA. Proc Natl Acad Sci U S A 2002;99: 
2977-82.

Zwirner NW, Marcos CY, Mirbaha F, 
Zou Y, Stastny P. Identification of MICA 
as a new polymorphic alloantigen recog-
nized by antibodies in sera of organ trans-
plant recipients. Hum Immunol 2000;61: 
917-24.

Cardarelli F, Pascual M, Tolkoff-Rubin 
N, et al. Prevalence and significance of 
anti-HLA and donor-specific antibodies 
long-term after renal transplantation. 
Transpl Int 2005;18:532-40.

Kristensen T, Grunnet N, Madsen M, 
et al. Hyperacute rejection of a kidney allo
graft may be caused by cytotoxic lympho-
cytes. Acta Pathol Microbiol Scand [C] 
1976;84:304-12.

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

Jeannet M, Pinn VW, Flax MH, Winn 
HJ, Russell PS. Humoral antibodies in re-
nal allotransplantation in man. N Engl J 
Med 1970;282:111-7.

Trpkov K, Campbell P, Pazderka F, 
Cockfield S, Solez K, Halloran PF. Patho-
logic features of acute renal allograft re-
jection associated with donor-specific anti
body: analysis using the Banff grading 
schema. Transplantation 1996;61:1586-92.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Lee PC, Terasaki PI, Takemoto SK, et 
al. All chronic rejection failures of kidney 
transplants were preceded by the develop-
ment of HLA antibodies. Transplantation 
2002;74:1192-4.

Zwirner NW, Dole K, Stastny P. Dif-
ferential surface expression of MICA by 
endothelial cells, fibroblasts, keratino-
cytes, and monocytes. Hum Immunol 
1999;60:323-30.

Zou Y, Mirbaha F, Lazaro A, Zhang Y, 
Lavingia B, Stastny P. MICA is a target for 
complement-dependent cytotoxicity with 
mouse monoclonal antibodies and human 
alloantibodies. Hum Immunol 2002;63: 
30-9.

Sumitran-Holgersson S, Wilczek HE, 
Holgersson J, Soderström K. Identifica-
tion of the nonclassical HLA molecules, 
MICA, as targets for humoral immunity 
associated with irreversible rejection of 
kidney allografts. Transplantation 2002; 
74:268-77.

Mizutani K, Terasaki P, Bignon JD, et 
al. Association of kidney transplant fail-
ure and antibodies against MICA. Hum 
Immunol 2006;67:683-91.

Mizutani K, Terasaki P, Rosen A, et al. 
Serial ten-year follow-up of HLA and MICA 
antibody production prior to kidney graft 
failure. Am J Transplant 2005;5:2265-72.

Mizutani K, Terasaki PI, Shih RN, Pei 
R, Ozawa M, Lee J. Frequency of MIC anti-
body in rejected renal transplant patients 
without HLA antibody. Hum Immunol 
2006;67:223-9.

Zou Y, Heinemann FM, Grosse-Wilde 
H, et al. Detection of anti-MICA antibod-
ies in patients awaiting kidney transplan-
tation, during the post-transplant course, 
and in eluates from rejected kidney allo
grafts by Luminex flow cytometry. Hum 
Immunol 2006;67:230-7.

Kaplan EL, Meier P. Nonparametric 
estimation from incomplete observations. 
J Am Stat Assoc 1958;53:457-81.

Cox DR. Regression models and life-
tables. J R Stat Soc [B] 1972;34:187-220.

Hankey KG, Drachenberg CB, Papadi
mitriou JC, et al. MIC expression in renal 
and pancreatic allografts. Transplantation 
2002;73:304-6.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Quiroga I, Salio M, Koo DD, et al. Ex-
pression of MHC class I-related chain B 
(MICB) molecules on renal transplant biop
sies. Transplantation 2006;81:1196-203.

Opelz G. Non-HLA transplantation 
immunity revealed by lymphocytotoxic 
antibodies. Lancet 2005;365:1570-6.

Moraes JR, Stastny P. Allo-antibodies 
to endothelial cell antigens. In: Kissmeyer-
Nielsen F, ed. VI International Histocom-
patibility Workshop and Conference; 1975 
June 29 to July 5; Arhus, Denmark. Copen-
hagen: Munksgaard, 1975:391-7.

Idem. A new antigen system expressed 
in human endothelial cells. J Clin Invest 
1977;60:449-54.

Vermehren D, Sumitran-Holgersson S. 
Isolation of precursor endothelial cells 
from peripheral blood for donor-specific 
crossmatching before organ transplanta-
tion. Transplantation 2002;74:1479-86.

Carter V, Shenton BK, Jaques B, et al. 
Vimentin antibodies: a non-HLA antibody 
as a potential risk factor in renal trans-
plantation. Transplant Proc 2005;37:654-7.

Kekomäki S, Kyllönen L, Salmela K, 
Koskimies S, Kekomäki R. Platelet-specific 
alloantigens in cadaveric renal transplan-
tation: a prospective study: effect of HPA-
5b mismatch in acute vascular rejection of 
renal allografts. Tissue Antigens 2001;57: 
154-7.

Tinckam K, Rush D, Hutchinson I, et 
al. The relative importance of cytokine 
gene polymorphisms in the development 
of early and late acute rejection and six-
month renal allograft pathology. Trans-
plantation 2005;79:836-41.

Abdi R, Tran TB, Sahagun-Ruiz A, et 
al. Chemokine receptor polymorphism 
and risk of acute rejection in human renal 
transplantation. J Am Soc Nephrol 2002; 
13:754-8.

Dragun D, Müller DN, Bräsen JH, et al. 
Angiotensin II type 1–receptor activating 
antibodies in renal-allograft rejection.  
N Engl J Med 2005;352:558-69.

Zhang Y, Stastny P. MICA antigens 
stimulate T cell proliferation and cell-
mediated cytotoxicity. Hum Immunol 2006; 
67:215-22.
Copyright © 2007 Massachusetts Medical Society.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

posting presentations at medical meetings on the internet

Posting an audio recording of an oral presentation at a medical meeting on the 
Internet, with selected slides from the presentation, will not be considered prior 
publication. This will allow students and physicians who are unable to attend the 
meeting to hear the presentation and view the slides. If there are any questions 
about this policy, authors should feel free to call the Journal’s Editorial Offices.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 


