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In haploidentical transplantation, the mis-
matched haplotype of the donor can origi-
nate from either of the parents. We refer
to such mismatched haplotypes as nonin-
herited maternal antigens (NIMA haplo-
type) or noninherited paternal antigens
(NIPA haplotype). To determine whether
exposure to maternal HLA antigens ben-
efits patients undergoing bone marrow
transplantation, we analyzed graft failure
and graft-versus-host disease (GVHD) af-
ter transplantations from parental or hap-
loidentical sibling donors. We studied
269 patients receiving 1 or 2 HLA-A, -B,
-DR antigen-mismatched sibling or paren-
tal non–T-cell–depleted bone marrow
transplants for acute myelogenous leuke-

mia, acute lymphoblastic leukemia, or
chronic myelogenous leukemia between
1985 and 1997 that were reported to the
International Bone Marrow Transplant
Registry. Included were 121 (45%) NIMA-
mismatched and 148 (55%) NIPA-mis-
matched transplantations. Sixty-three
(52%) of the NIMA-mismatched transplants
and 69 (47%) of the NIPA-mismatched trans-
plants were from haploidentical sibling do-
nors. Sibling transplantations mismatched
for NIMA had similar rates of graft failure but
lower rates of acute GVHD ( P < .02) than
NIPA-mismatched sibling transplantations.
In the first 4 months after transplanta-
tion, mother-to-child transplantations in-
volved significantly less chronic GVHD than

father-to-child transplantations ( P < .02).
Treatment-related mortality (TRM) was sig-
nificantly higher after parental transplanta-
tions ( P 5 .009 for mother; P 5 .03 for fa-
ther) than after haploidentical sibling
transplantations mismatched for the NIMA.
Non–T-cell–depleted bone marrow trans-
plants donated by haploidentical siblings to
recipients mismatched for NIPA and trans-
plants donated by parents caused more
acute and chronic GVHD and TRM than
transplants donated by haploidentical sib-
lings mismatched for NIMA. (Blood. 2002;
99:1572-1577)
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Introduction

Allogeneic bone marrow transplantation can cure several hemato-
logic malignancies. The outcome of this procedure depends to a
large extent on the degree of human leukocyte antigen (HLA)
identity between donor and recipient. Unfortunately, only 25% to
30% of transplant candidates have a genotypically HLA-identical
sibling donor.1 Bone marrow from haploidentical family members
is also used for transplantation.2 If the unshared HLA haplotype is
partially matched with the recipient, transplantation outcome is
acceptable though significantly inferior to HLA-identical sibling
transplantation. The important influence of the degree of HLA
matching on bone marrow and organ transplantation outcome is

documented in many publications. Few studies address why a
sizable percentage of HLA-mismatched stem cell or organ grafts
function as well as HLA-identical ones.3,4

It is possible that exposure, during in utero development or
nursing, to maternal HLA antigens has a lifelong influence on the
immune system. Two separate studies demonstrate that approxi-
mately 50% of patients with antibodies against a large number of
HLA antigens have not formed antibodies against maternal HLA
antigens that the patient did not inherit, the noninherited maternal
antigens (NIMA) (Figure 1).5,6 Reactivity against noninherited
paternal antigens (NIPA) is significantly higher.
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It was speculated that exposure to NIMA in utero or while
nursing induces (partial) tolerance to NIMA in approximately 50%
of patients. It was expected, on the basis of these findings and of
corroborating evidence from the literature,7-9 that kidney allografts
donated by the mother would have superior graft survival than
those donated by the father. This turned out not to be true.10

However, a collaborative study of 9 transplantation centers showed
that graft survival of kidneys donated by haploidentical siblings
mismatched (like the mother) for the NIMA haplotype was similar
to that of kidneys donated by an HLA-identical sibling.4 Why a
kidney donated by a haploidentical sibling mismatched for NIMA
would fare better than a similarly NIMA-mismatched maternal
graft was unclear.

In another study, transplanted kidneys donated by unrelated
donors mismatched for 1 or 2 HLA-A antigens identical to the
HLA-A NIMA of the recipient had graft survival rates significantly
superior to those of other HLA-A–mismatched grafts.11 No such
differences were observed for HLA-B and -DR–mismatched grafts.

In bone marrow transplantation, the situation is more complex
(Figure 1). If durable engraftment can be compared to the survival
of an organ allograft, the expectation is that there will be less graft
rejection if the donor is mismatched for the NIMA of the recipient
than if the donor is mismatched for the NIPA. Similarly, there
should be less graft-versus-host disease (GVHD) with NIMA- than
with NIPA-mismatched transplantations. Because graft failure and
GVHD contribute to transplantation success, treatment-related
mortality (TRM) and overall survival might also differ between
NIMA and NIPA mismatches. We tested these assumptions in 269
recipients of non–T-cell–depleted parental or haploidentical sibling
bone marrow transplantations for acute myelogenous leukemia
(AML), acute lymphoblastic lymphoma (ALL), and chronic myelog-
enous leukemia (CML) reported to the International Bone Marrow
Transplant Registry (IBMTR) between 1985 and 1997. The study
compares graft failure, acute and chronic GVHD, TRM, and
survival with NIMA- versus NIPA-mismatched transplantations.

Patients and methods

Data collection

The IBMTR is a working group of more than 400 transplant teams
worldwide that contribute detailed data concerning their allogeneic hemato-
poietic stem cell transplantations to a statistical center located at the Health
Policy Institute of the Medical College of Wisconsin.12 IBMTR participants
are required to register all consecutive transplantations; compliance is

monitored by on-site audits. Patients are observed longitudinally with
yearly follow-up. Computerized error checks, physician review of submit-
ted data, and on-site audits of participating centers ensure data quality.

Inclusion criteria

The study includes 269 patients who underwent non–T-cell–depleted 1 or 2
HLA-A, -B, or -DR antigen-mismatched sibling or parental bone marrow
transplantation between 1985 and 1997 for AML, ALL, or CML and who
had adequate donor, recipient, and parental HLA serologic typing to allow
classification as NIMA mismatched or NIPA mismatched. One hundred
twenty-one (45%) donor-recipient pairs were NIMA mismatched, and 148
(55%) were NIPA mismatched. Twenty-nine additional NIMA-mismatched
and 21 additional NIPA-mismatched recipients who met other eligibility
criteria but received T-cell–depleted grafts were identified in the IBMTR
database. These patients were excluded from multivariate analysis because
of inadequate numbers to adjust for confounding by T-cell depletion, which
has substantial effects on engraftment and GVHD. Data were reported by
122 transplant centers in 30 countries on 6 continents. Median follow-up
was 54 months (range, 7-135 months), with 75% of the recipients followed
for 25 or more months. Five hundred ninety patients meeting other
eligibility criteria for the study were reported to the IBMTR but did not
have adequate HLA typing information for parents and, hence, were not
included in this report. Comparison of the 2 populations showed that those
who did not have adequate HLA information were older, had higher rates of
CML, and underwent transplantation earlier. Sex distribution and disease stages
were similar for both populations. Engraftment, chronic GVHD, and overall
survival rates were similar, but acute GVHD was more frequent in those with
adequate HLA data (54% versus 44%).

End points

The study considered graft failure, acute and chronic GVHD, TRM, and
overall survival. Graft failure was defined as failure to achieve a neutrophil
count greater than 0.53 109/L or the achievement of a neutrophil count
greater than 0.53 109/L followed by a decrease to less than 0.53 109/L.
Incidence and time to development of grades 2 to 4 acute GVHD were
evaluated in patients surviving 21 days with evidence of engraftment.13

Time to occurrence of any chronic GVHD was evaluated in patients surviving 90
days after transplantation with engraftment.14 TRM was defined as death in
continuous complete remission.15 The end point for survival analyses was death
from any cause.

Statistical analysis

Patient-, disease-, and transplant-related variables between groups were
compared using thex2 statistic for categorical variables and the Mann-
Whitney U test for continuous variables. Probabilities of survival were
calculated using the Kaplan-Meier estimator, censored at the last day of
contact; the log-rank test was used for univariate comparisons of survival
probabilities. Cumulative incidence curves were used to calculate probabili-
ties of graft failure, acute GVHD, chronic GVHD, and TRM.16 Death was
used as the competing risk for graft failure, acute GVHD, and chronic
GVHD. Hematologic relapse was used as the competing risk for TRM.

Differences in outcomes of NIMA- versus NIPA-mismatched transplan-
tation were evaluated in multivariate analyses using Cox proportional
hazards regression to adjust for other potentially confounding differences
between the cohorts.17 Variables considered were recipient age and sex,
Karnofsky performance score at diagnosis, disease type, disease stage and
duration at transplantation, donor age and sex, conditioning regimen,
GVHD prophylaxis, calendar year of transplantation, and number and class
of HLA-antigen mismatches. Only factors significantly (P , .05) associ-
ated with outcome were retained in the final models.

For each variable and outcome, the assumption of proportional
hazards was tested using a time-dependent covariate. When this
indicated differential effects over time (nonproportional hazards),
models were constructed breaking the posttransplantation course into 2
time periods, using the maximized partial likelihood method to find the
most appropriate breakpoint. NIPA-mismatched sibling donor for the

Figure 1. Proposed scheme to designate the haplotypes of a family in which
one of the siblings (patient) is a bone marrow transplant recipient with a prior
prediction of clinical outcome after hematopoietic stem cell transplantation.
Parents or siblings who share a haplotype with the recipient but differ for the other are
potential donors. The patient has inherited the IMA haplotype from the mother and the
IPA haplotype from the father. The NIMA haplotype carries the noninherited maternal
antigens, and the NIPA haplotype carries the noninherited paternal antigens.
Potential donors who are genotypically identical are not shown. IMA, inherited
maternal antigens; IPA, inherited paternal antigens.
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end point of time to acute GVHD and paternal donor for the end point of
time to chronic GVHD were 2 variables with nonproportional hazards.
Forward stepwise variable selection at a .05 significance level was used
to identify covariates other than HLA mismatch that were associated
with outcome. In each step of the analysis, the covariate for NIMA
versus NIPA mismatch was included in the model. First-order interac-
tions between NIMA versus NIPA mismatch and all significant covari-
ates were considered. Overall covariate effects were analyzed using the
Wald test. Examination for center effects used a random effects model or
a frailty model18; there was no evidence of confounding of main effects
by center effects. AllP values were 2-sided.

Results
Patients

Donor–recipient relationship, sex match, and histocompatibility
are listed in Table 1. One hundred thirty-two transplant donors were

haploidentical siblings, and 137 transplant donors were parents.
Patient and disease characteristics are listed in Table 1. The only

statistically significant difference between the NIMA- and NIPA-
mismatched sibling transplant recipients was disease duration
before transplantation, which was longer in patients mismatched
for NIMA ( P , .03).

Transplantation characteristics are listed in Table 1. No statisti-
cally significant differences were observed between NIMA- and
NIPA-mismatched sibling transplantations. Of note, parental do-
nors were older and parental grafts had higher degrees of HLA
mismatch than sibling grafts, but characteristics of paternal and
maternal grafts were similar.

Univariate outcomes

Unadjusted probabilities of graft failure, GVHD, TRM, and
survival by donor type are given in Table 2.

Table 1. Patients, disease, and transplant-related characteristics

Variable

Donor

Sibling Parent

NIMA mismatched NIPA mismatched Mother Father

N 63 69 79 58

Age (y), median (range) 17 (2-50) 20 (2-62) 15 (1-40) 17 (1-43)

Male sex (%) 42 (67) 39 (56) 48 (61) 33 (57)

Pretransplantation Karnofsky performance score less than 90% 14 (24%) 17 (27%) 17 (24%) 33 (65%)

Disease type

AML (%) 26 (41) 14 (20) 27 (34) 20 (34)

ALL (%) 23 (37) 30 (44) 36 (46) 19 (33)

CML (%) 14 (22) 25 (36) 16 (20) 19 (33)

Disease stage at transplantation*

Early (%) 22 (35) 23 (34) 22 (28) 14 (25)

Intermediate (%) 21 (34) 23 (34) 26 (33) 24 (44)

Advanced (%) 19 (31) 21 (32) 30 (39) 17 (31)

Disease duration longer than 12 mo (%) 38 (60) 29 (42) 45 (57) 33 (57)

Donor-recipient sex-match

M-M (%) 20 (32) 19 (28) — 33 (57)

F-M (%) 22 (35) 20 (29) 48 (60) —

M-F (%) 13 (20) 16 (23) — 25 (43)

F-F (%) 8 (13) 14 (20) 31 (40) —

HLA-antigen class mismatched

Class 1 (%) 46 (73) 43 (62) 46 (58) 35 (61)

Class 2 (%) 13 (21) 19 (28) 17 (22) 13 (22)

Classes 1 and 2 (%) 4 (6) 7 (10) 16 (20) 10 (17)

Number of HLA-antigen mismatched

1 Ag mismatch (%) 59 (94) 60 (87) 26 (33) 23 (40)

2 Ag mismatch (%) 4 (6) 9 (13) 53 (67) 35 (60)

Conditioning regimen

TBI and Cy with or without other (%) 32 (51) 35 (51) 42 (53) 31 (53)

TBI and other (%) 5 (8) 10 (14) 8 (10) 7 (12)

BuCy with or without other (%) 22 (35) 19 (28) 19 (24) 11 (19)

Other (%) 4 (6) 5 (7) 10 (13) 9 (16)

GVHD prophylaxis

CsA with or without other (%) 14 (22) 17 (25) 18 (23) 10 (17)

MTX with or without other (%) 6 (10) 3 (4) 5 (6) 6 (10)

CsA and MTX with or without other (%) 43 (68) 49 (71) 56 (71) 42 (73)

Year of transplantation

1985 to 1989 (%) 22 (35) 23 (33) 30 (38) 20 (34)

1990 to 1993 (%) 22 (35) 25 (36) 24 (30) 19 (33)

1994 to 1997 (%) 19 (30) 21 (31) 25 (32) 19 (33)

Data are for patients after acute or chronic leukemia who received 1 or 2 antigen-mismatched sibling or parental transplants from 1985 to 1997, as reported to the IBMTR.
TBI indicates total body irradiation; Cy, cyclophosphamide; Bu, busulfan; CsA, cyclosporine; MTX, methotrexate.

*Early leukemia, first complete remission or first chronic phase; intermediate leukemia, greater than or equal to second complete remission; greater than or equal to second
chronic phase or accelerated phase; advanced leukemia, patients never in remission, in any relapse or blast phase.
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Multivariate analyses

Table 3 shows relative risks of transplantation outcomes by donor
type, adjusting for other factors associated with transplantation
outcome, including degree of donor–recipient histocompatibility.

Relative risks of graft failure and GVHD after NIPA-mis-
matched sibling transplantations, maternal transplantations, and
paternal transplantations versus NIMA-mismatched sibling trans-
plantations are shown in Table 3. NIPA-mismatched sibling
transplantations involved significantly more acute grades 2 to 4
GVHD than NIMA-mismatched sibling transplantations, starting 7
days after transplantation (P 5 .02) (Figure 2). A similar but not
statistically significant trend was observed for chronic GVHD.

Maternal and paternal transplantations were associated with
significantly more acute and chronic GVHD and TRM than NIMA-
mismatched but not NIPA-mismatched sibling transplantations (Table
3). Graft failure and survival did not differ by donor type.

Table 3 also shows results of separate multivariate analyses
comparing maternal and parental transplantations. Although graft
failure appeared to occur less often with maternal versus than with
paternal donors, this did not reach statistical significance. In the
first 4 months after transplantation, the risk for chronic GVHD was
significantly higher in patients who received paternal grafts than in
those who received maternal grafts. Acute GVHD, TRM, and
overall survival rates were similar.

Table 2. Probabilities of graft failure, GVHD, TRM, and death by donor type

Outcome

Donor

Sibling Parent

NIMA mismatched NIPA mismatched Mother Father

2-y probability of graft failure (%) 18 (10-29) 13 (6-24) 20 (12-29) 29 (17-42)

100-d probability of grades 2-4 acute GVHD (%) 41 (30-53) 55 (44-66) 58 (48-68) 63 (51-75)

2-y probability of chronic GVHD (%) 28 (17-40) 29 (19-40) 31 (21-41) 28 (18-40)

2-y probability of TRM (%) 36 (24-48) 36 (25-48) 52 (40-63) 45 (32-59)

2-y probability of survival (%) 45 (33-57) 44 (32-56) 30 (20-40) 24 (14-36)

Table 3. Results of multivariate analyses comparing graft failure, GVHD, and TRM according to donor-recipient mismatch patterns for non–T-cell–de pleted
sibling or parent transplantation

Outcome Patients at risk
Combined model

sibling–parent RR (95% CI) P Parents-only model RR (95% CI)

Graft failure*†

NIMA (sibling donor) 63 1.0 — —

NIPA (sibling donor) 67 0.61 (0.25-1.53) .30 —

Mother donor 79 0.86 (0.39-1.89) .70 1.0

Father donor 55 1.12 (0.50-2.50) .78 0.38 (0.09-1.59)

Acute grades 2 to 4 GVHD‡§

NIMA (sibling donor) 63 1.0 — —

NIPA (sibling donor) up to 7 d 69 0.21 (0.03-1.61) .13 —

NIPA (sibling donor) more than 7 d — 1.86 (1.15-3.05) .02 —

Mother donor 79 1.88 (1.15-3.05) .01 1.0

Father donor 57 2.20 (1.32-3.66) .003 1.17 (0.75-1.81)

Chronic GVHD¶#

NIMA (sibling donor) 63 1.0 — —

NIPA (sibling donor) 69 1.76 (0.90-3.44) .10 —

Mother donor 79 2.32 (1.22-4.42) .01 1.0

Father donor up to 4 mo 57 4.11 (1.89-8.95) .0004 2.44 (1.12-5.34)

Father donor more than 4 mo — 0.74 (0.16-3.28) .69 0.40 (0.08-1.70)

TRM**

NIMA (sibling donor) 63 1.0 — —

NIPA (sibling donor) 69 1.30 (0.73-2.31) .38 —

Mother donor 79 2.02 (1.19-3.43) .009 1.0

Father donor 57 1.92 (1.07-3.45) .03 0.95 (0.56-1.56)

Bu indicates busulfan; Cy, cyclophosphamide; TBI, total body irradiation; MTX, methotrexate; RR, relative risk; CI, confidence interval.
*Model stratified by use of methotrexate for GVHD prophylaxis.
†Other significant variables include: use of BuCy vs CyTBI for conditioning (RR, 2.44; 95% CI, 1.22-4.91; P 5 .01); Karnofsky performance score , 90% vs $ 90% (RR,

0.50; 95% CI, 0.31-2.29; P 5 .04).
‡Model stratified by disease stage before transplantation. Time-dependent covariate, such that the relative risk of AGVHD differs between NIMA and NIPA sibling before

and after 7 days after transplantation.
§Other significant variable, includes use of BuCy vs CyTBI for conditioning (RR, 0.47; 95% CI, 0.25-0.89; P 5 .02).
Pairwise comparison: NIPA sibling (early) vs mother donor (P 5 .03); NIPA sibling (late) vs mother (P 5 .96); NIPA sibling early vs father (P 5 .02); NIPA sibling late

vs father (P 5 .48).
¶Time-dependent covariate, such that the relative risk of chronic GVHD differs between NIMA and father as donor before and after 4 months after transplantation. Other

significant variables include class 1 antigen mismatch vs class 1 and 2 mismatch (RR, 0.44; 95% CI, 0.24-0.84; P 5 .01); class 2 antigen mismatch vs class 1 and 2 mismatch
(RR, 0.32; 95% CI, 0.13-0.80; P 5 .02).

#Pairwise comparison: NIPA sibling vs mother donor (P 5 .05); NIPA sibling vs father donor early (P 5 .001); NIPA sibling vs father donor late (P 5 .18).
**Other significant variables include donor age $ 35 y (RR, 2.47; 95% CI, 1.36-4.50; P 5 .003); advanced disease stage at transplantation (RR, 1.89; 95% CI, 1.18-3.02;

P 5 .008); transplantation year 1989 or later (RR, 0.59; 95% CI, 0.40-0.87; P 5 .009).
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Discussion

This study provides evidence that exposure to maternal HLA
antigens during the prenatal and the perinatal periods can have
lifelong significance, at least with respect to GVHD risk. Transplanta-
tion from a haploidentical sibling donor to a recipient mismatched for
maternal antigens is associated with less GVHD than transplantation
from a sibling donor mismatched for paternal antigens and with less
GVHD and TRM than transplantation from the mother or the father.
This study may indicate that exposure to NIMA has a strong lifelong
modulating impact on the immune response, resulting in a down-
regulation of this response to laterantigen challenge. No statistically
significant differences in graft failure rates were found. This is
not surprising considering the drastic immune ablation of
pretransplantation conditioning regimens and the limited statis-
tical power of the study. Maternal grafts tended to involve less
graft failure and significantly less early chronic GVHD than
grafts from the father, but they were not associated with less
acute GVHD, less TRM, or better survival than paternal grafts.
This is contrary to expectation, if one assumes that the mother
develops, during pregnancy, partial tolerance to the haplotypes
of the father. Such an assumption is, however, an oversimplifica-
tion. Evidence for a tolerising effect through pregnancy exists,
but a large percentage of pregnant women form antibodies
against paternal HLA antigens.19 This tolerising effect is
certainly not always present. Priming of T cells against paternal
antigens has also been documented. This does not exclude the
possibility that partial tolerance to paternal HLA antigens might
exist in some women. The situation is further complicated by the
fact that such partial tolerance to the paternal HLA antigens
might be counteracted by priming of T (and B?) cells to paternal
minor histocompatibility antigens.

Our findings show striking similarity to the results of a recent
study on the outcome of parental and haploidentical sibling kidney
allografts4 and to those of a small (n5 15) study of haploidentical
sibling cord blood transplantations.20 In the first study, grafts from
haploidentical siblings mismatched for NIMA had significantly
better survival than those from parents or from siblings mis-
matched for paternal antigens. In contrast to that study, in which
there was no difference between maternal and paternal transplanta-
tions, the current study found less chronic GVHD with maternal
than with paternal grafts.

Comparing the outcome of a transplant donated by a haplo-
identical sibling with one donated by a parent is further compli-
cated by the fact that the shared haplotypes differ (Figure 1). If the

mother is the donor, her T cells might be primed against the minor
histocompatibility antigens of the father through restriction by the
shared maternal haplotype. If a sibling is the donor, the shared
haplotype originates from the parent other than the one contribut-
ing the mismatched haplotype. This might reduce T-cell reactivity
to the minor histocompatibility antigens. The mother and the child
have been exposed to the other’s histocompatibility antigens.
However, during this exposure, the immune system of the child is
more naive than that of the mother. It is possible that this, too, plays
a role in the different outcome for maternal grafts than for sibling
grafts mismatched for maternal antigens. It should be noted that the
parental donors in this study tended to have more HLA disparity
with the recipient than the sibling donors. In addition, transplants
from older donors are more often associated with GVHD. Although
we attempted to adjust for this effect in multivariate analysis, it is
possible that it contributed to the observed differences in outcome
between parental and sibling transplantations. Another limitation of
the study is that no information on (mis)matches of HLA-C, -DQ,
or -DP was available, nor was information available on HLA typing
at the allele level. These shortcomings will be addressed during the
forthcoming 13th International Histocompatibility Workshop.

It may be of interest that transplants mismatched for HLA-Awith the
recipient, in which the HLA-A–mismatched antigens were for the donor
NIMA, involved the least GVHD (P5 .10) (data not shown).Although
our data are not statistically significant, similar and significant observa-
tions have been reported in kidney transplantation.11

Whether our findings can be used to improve the results of
hematopoietic stem cell transplantation from unrelated donors
remains to be investigated. Taken together, our observations could
be interpreted as evidence for a lifelong(!) immune-modulating
effect of pregnancy. Unraveling the cellular and molecular mecha-
nism underlying this effect might provide information regarding
allograft recognition and its regulation. The mechanism whereby
exposure to maternal cells or soluble HLA antigens minimizes the
risk for GVHD and, consequently, TRM remains unclear. Several
interactions are possible and have been discussed elsewhere, but none
of them havebeen formally tested and shown to be correct.4,21-23

The recent observation that the stimulation of umbilical cord
blood T cells with peripheral blood lymphocytes of the mother
causes a significant increase in immune-modulating CD8dim T
cells—in contrast to an increase of cytotoxic CD8bright T cells after
stimulation with the paternal cells—might provide a new avenue to
elucidate the mechanisms underlying the NIMA effect.24 Under-
standing these mechanisms might be of crucial importance in our
quest to obtain tolerance to allografts in humans. In this context it
might be profitable to explore whether the NIMA effect and the
immune-modulating effect of pretransplantation blood transfu-
sionsfrom donors who share an HLA haplotype (HST) with the
recipient have a common basis.22 In both instances, haploidenti-
cal allogeneic cells have a tolerising effect on haploidentical
grafts. HSTs with initial, but temporary,immunosuppression
have led to true tolerance for renal allografts from 2 to more than 18
years in monkeys.25,26 It is well recognized that an encounter with
allo-antigens before organ or stem cell transplantation can influ-
ence transplantation outcome. It makes a major difference whether
this allogeneic stimulation3-5,8,9 is MHC restricted. If it is MHC
restricted, partial tolerance can ensue; if it is not, rejection is more likely.
Thus, our findings might be relevant not only when selecting 1 or 2 HLA
antigen-mismatched haploidentical donors. They might be relevant for
our understanding of the cellular basis of autoimmunity or resistance to
infection. It is surprising that the impact of the first major encounter with
allo-antigens, those of the mother, has so far received little attention.

Figure 2. Occurrence of grades 2 to 4 GVHD in patients who received bone marrow
from haploidentical donors. Data were reported to the IBMTR for 1985 to 1997.

1576 VAN ROOD et al BLOOD, 1 MARCH 2002 z VOLUME 99, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/99/5/1572/1681176/h8050201572.pdf by guest on 08 June 2024



References

1. Thomas AD. Marrow transplantation for malig-
nant diseases. J Clin Oncol. 1983;1:517-531.

2. Szydlo R, Goldman JM, Klein JP, et al. Results of
allogeneic bone marrow transplants for leukemia
using donors other than HLA-identical siblings.
J Clin Oncol. 1997;15:1767-1777.

3. van Rood JJ. Why does the exposure to alloge-
neic cells sometimes lead to immunization and
sometimes not. (Niels Jerne Lecture) Res Immu-
nol. 1990;141:783-794.

4. Burlingham WJ. The effect of tolerance to non-
inherited maternal HLA antigen on the survival of
renal transplants from sibling donors. N Engl
J Med. 1998;339;1657-1664.

5. Claas FH, Gijbels Y, van der Velden-de Munck J,
van Rood JJ. Induction of B cell unresponsive-
ness to non-inherited maternal HLA antigens dur-
ing fetal life. Science. 1988;241:1815-1817.

6. van Rood JJ, Zhang L, van Leeuwen A, Claas
FH. Neonatal tolerance revisited. Immunol Lett.
1989;21:51-54.

7. Campbell DA Jr, Lorber MI, Sweeton JC, Turcotte
JG, Niederhuber JE, Beer AE. Breast feeding and
mother-donor renal allografts: possibly the origi-
nal donor-specific transfusion. Transplantation.
1984;37:340-344.

8. Owen RD, Wood HR, Foord AG, Sturgeon P,
Baldwin LG. Evidence for actively acquired toler-
ance to Rh antigen. Proc Natl Acad Sci U S A.
1954;40:420-424.

9. Bean MA, Mickelson E, Yanagida J, Ishioka S,
Brannen GE, Hansen JA. Suppressed anti-donor
MLC responses in renal transplant candidates
conditioned with donor-specific transfusions that

carry the recipients’ non-inherited maternal HLA
haplotype. Transplantation. 1990;49:382-386.

10. Opelz G. Analysis of the “NIMA effect” in renal
transplantation. In: Terasaki PI, ed. Clinical Trans-
plants. UCLA Tissue Typing Laboratory, Los An-
geles. 1990;63-67.

11. Smits JM, Claas FH, van Houwelingen HC, Per-
sijn GG. Do non-inherited maternal antigens
(NIMAs) enhance renal allograft survival? Trans-
plant Int. 1998;11:82-88.

12. Horowitz MM, Bortin MM. The role of registries in
evaluating the results of bone marrow transplan-
tation. In: Treleaven JG, Barrett AJ, eds. Bone
Marrow Transplantation in Practice. London, En-
gland: Churchill Livingstone; 1992:367-377.

13. Hagglund H, Bostrom L, Remberger M, Ljungman
P, Nilsson B, RingdJn O. Risk factors for acute
graft-versus-host disease in 291 consecutive
HLA-identical bone marrow transplant recipients.
Bone Marrow Transplantation. 1995;16:747-753.

14. Weisdorf D, Hakke R, Blazar B, et al. Risk factors
for acute graft-versus-host disease in histocom-
patible donor bone marrow transplantation.
Transplantation. 1991;51:1197-1203.

15. Deeg HJ, Storb R, Thomas ED, et al. Cyclospor-
ine as prophylaxis for graft-versus-host disease:
a randomized study in patients undergoing mar-
row transplantation for acute nonlymphoblastic
leukemia. Blood. 1985;65:1325-1334.

16. Gooley TA, Leisenring W, Crowley JA, Storer BE.
Estimation of failure probabilities in the presence
of competing risks: new representations of old
estimators. Stat Med. 1999;18:665-706.

17. Klein JP, Moeschberger ML. Survival Analysis:

Techniques for Censored and Truncated Data.
New York, NY: Springer Verlag; 1996:334-336.

18. Andersen PK, Klein JP, Zhang MH. Testing for
center effects in multi-centre survival studies: a
Monte Carlo comparison of fixed and random ef-
fects tests. Stat Med 1999;18:1489-1500.

19. van Rood JJ. Eernisse JG, van Leeuwen A. Leu-
cocyte antibodies in sera of pregnant women.
Nature. 1958;181:1735-1736.

20. Wagner JE. Allogeneic umbilical cord blood trans-
plantation. Cancer Treat Res. 1997;77:187-216.

21. van Rood JJ, Claas FH. The influence of alloge-
neic cells on the human T and B cell repertoire.
Science. 1990;248:1388-1393.

22. van Rood JJ, Claas FH. Both self and non-inher-
ited maternal HLA antigens influence the immune
response. Immunol Today. 2000;21:269-273.

23. van Rood JJ, Claas FH. Non-inherited maternal
HLA antigens: a proposal to elucidate their role in
the immune response. Hum Immunol. 2000;61:
1390-1394.

24. Moretta A, Locatelli F, Mingrat G, et al. Charac-
terisation of CTL directed towards non-inherited
maternal allo-antigens in human cord blood.
Bone Marrow Transplant. 1999;24:1161-1166.

25. Leonard AA, Jonker M, Lagaaij EL. Complete
withdrawal of immuno-suppression in allograft
recipients: a study in rhesus monkeys. Transplan-
tation. 1996;61:1648-1651.

26. Jonker M, van de Hout Y, Neuhaus P, et al. Com-
plete withdrawal of immuno-suppression in kid-
ney allograft recipients: a prospective study in
rhesus monkeys. Transplantation. 1998;66:925-
927.

NONINHERITED MATERNAL ANTIGEN AND GVHD 1577BLOOD, 1 MARCH 2002 z VOLUME 99, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/99/5/1572/1681176/h8050201572.pdf by guest on 08 June 2024


