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Introduction

The first solid organ transplantation occurred over 60 years ago, 
and only a few years later the first pregnancy occurred in an organ 
transplant recipient.1,2 Since then, thousands of women with 
organ transplantation have undergone successful pregnancies 
with live birth rates of approximately 70%. Pregnancy is a unique 
immunologic phenomenon and although several mechanisms 
suppress maternal immunity to the semi-allogeneic fetus, there is 
evidence that maternal T cells actively respond to fetal antigens 
and can recognize and kill fetal cells in maternal blood.3-5

Maintaining tolerance in a pregnant woman becomes even 
more complex if she has previously had a solid organ transplant, 
because multiple allogeneic or semi-allogeneic cell populations 
are likely to come into contact with one another during the preg-
nancy. These small foreign cell populations are called microchi-
merism (Mc) and make a pregnant woman with a solid organ 
transplant a complex chimera. The primary sources of Mc in this 
case are from the donor organ and the fetus. During pregnancy, 
fetal cells routinely enter the maternal circulation and may per-
sist long-term in multiple immune cell subsets similar to cells 
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Thousands of women with organ transplantation have 
undergone successful pregnancies, however little is known 
about how the profound immunologic changes associated 
with pregnancy might influence tolerance or rejection of the 
allograft. Pregnant women with a solid organ transplant are 
complex chimeras with multiple foreign cell populations from 
the donor organ, fetus, and mother of the pregnant woman. 
We consider the impact of complex chimerism and pregnancy-
associated immunologic changes on tolerance of the 
allograft both during pregnancy and the postpartum period. 
Mechanisms of allograft tolerance are likely dynamic during 
pregnancy and affected by the influx of fetal microchimeric 
cells, HLA relationships (between the fetus, pregnant woman 
and/or donor), peripheral T cell tolerance to fetal cells, and 
fetal minor histocompatibility antigens. Further research is 
necessary to understand the complex immunology during 
pregnancy and the postpartum period of women with a solid 
organ transplant.
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from the donor organ allograft.6,7 Fetal microchimerism (fetal 
Mc; FMc) refers to this small foreign cell population that may 
persist for decades, and has been implicated in autoimmune dis-
ease and immune surveillance.8,9 A third source of Mc is from 
maternal cells that entered the pregnant woman when she herself 
was a fetus (maternal Mc, MMc) and have persisted for decades.10 
Additional Mc cell populations may be present in women with a 
solid organ transplant as a result of a transfusion, a prior preg-
nancy or from cell transfer between twins in utero.11-14 Male cells 
have also been identified in the apheresis products for hemato-
poietic stem cell transplants from female donors, suggesting that 
male Mc (presumably FMc) is also transferred.15 Therefore, there 
exist at least three and possibly more sources of Mc in the preg-
nant woman, which include FMc, MMc and from the transplant 
itself. If we consider that antigen-presenting cells (APC) from 
the pregnant woman or donor organ or Mc cell populations can 
present antigens from each other, there are at least 16 (24) combi-
nations of Mc, donor, or recipient antigen presentation by either 
the donor, recipient or Mc APC.

The immunologic complexity presented by this unique situ-
ation presents several questions worthy of consideration and 
further investigation. What are the mechanisms responsible for 
organ allograft rejection during pregnancy, and could Mc play a 
role? There is also evidence that the postpartum period is immu-
nologically unique with greater T cell autoreactivity than during 
pregnancy. The allograft may be at increased risk for rejection 
postpartum if there is greater T cell allo- and auto-reactivity. 
The characteristic postpartum flare of certain autoimmune dis-
eases and frequent development of thyroiditis suggests that an 
immunologic shift from a pregnant to a non-pregnant state is 
not always smooth.16-18 Here, we explore potential mechanisms 
of immune tolerance and rejection of a solid organ transplant 
within a pregnant woman and postpartum and implications of 
this complex chimerism (Fig. 1).

Solid Organ Transplant Rejection during Pregnancy

Many mechanisms of transplant rejection may act over time 
to damage the graft and include hyperacute, acute and chronic 
rejection that involve both B and T cell-mediated responses.19 
Most pregnant women with an organ transplant are more than 
one year out from their transplant and are at greatest risk of 
chronic allograft rejection, but late cases of antibody-mediated 
acute rejection can also occur. Chronic rejection refers to the 
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women with a prior kidney or liver transplant with less data on 
outcomes for pancreas-kidney, cardiac and lung transplants. In 
Table 1, graft rejection for the kidney represents acute, biopsy-
proven rejection and for other organs reflect a mix of acute and 
chronic rejection that was not always confirmed by biopsy. Not all 
cases of kidney rejection were captured if the physicians treated 
for suspected rejection without performing a biopsy. Some car-
diac rejections reflected histologic evidence of rejection found on 
a protocol-driven biopsy that was not treated.

A direct comparison of rejection rates in pregnancy across 
organ transplants is difficult due to the many confounding 
variables associated with the diagnosis of graft rejection during 
pregnancy. The first factor is that physicians have a lower thresh-
old to biopsy a heart or liver transplant to diagnose rejection in 

long-term loss of organ function from the inability to suppress 
antibodies or T cells alloreactive for the graft. When kidney 
rejection is antibody-mediated, donor-specific antibodies bind 
to and injure the capillary endothelium leading to cellular 
hypertrophy, fibrin deposition, and characteristic changes in 
the glomerular basement membrane. T cells alloreactive for the 
graft invade the renal parenchyma and interstitium, causing 
widespread damage.

The cumulative data from the National Transplantation 
Pregnancy Registry (NTPR) in 2011 for rejection and graft loss 
are shown in Table 1.20 The NTPR is a voluntary registry and 
does not capture all US pregnancies in women with a prior organ 
transplant, but is currently the best source of data in this popula-
tion. Data for transplant rejection and graft loss is greatest for 

Figure 1. Possible mechanisms for solid organ transplant rejection or tolerance during pregnancy and postpartum.
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contrast, liver and cardiac transplants require no HLA matching 
and normal hepatocytes and cardiac myocytes either do not or 
weakly express HLA class I and class II; rejection in these organs 
is often acute and B-cell mediated.23-26 We hypothesize that a 
possible increase in cardiac and liver transplant rejection dur-
ing pregnancy could be primarily antibody-mediated as a result 
of placental IL-10 secretion, which activates B cells (see “Other 
Mechanisms” section); higher IL-10 is known to be associated 
with cardiac transplant rejection in non-pregnant patients.27,28 
This hypothesis has not been previously tested, but could be 
investigated using immunohistochemistry in a retrospective 
study using tissue biopsies from pregnant and non-pregnant 
women with organ rejection.

During Pregnancy: Possible Mechanisms of Organ 
Transplant Tolerance or Rejection

Peripheral T cell tolerance established during pregnancy results 
in T cell anergy, deletion and induction of Treg cells, which we 
have previously hypothesized to be a result of the interaction 
between fetal antigens or cells and the maternal immune sys-
tem.29,30 One possible mechanism for graft rejection or tolerance 
during pregnancy would involve cross-presentation of fetal anti-
gens by donor (graft) antigen-presenting cells that would lead to 
production of maternal alloreactive CD8+ T cells (cross-prim-
ing).31 Large quantities of fetal antigens become systemic due to 

pregnant women, because these organs are truly “life-saving” and 
dialysis is not an option. Renal biopsies during pregnancy may 
be delayed until postpartum and if rejection is suspected, treat-
ment may be initiated without biopsy. This would bias toward a 
relatively higher rate of rejection in cardiac and liver transplants 
during pregnancy and a higher rejection of kidney transplants 
postpartum. Comparison of these rates to non-pregnant women 
in Table 1 is challenging for slightly different reasons. For preg-
nant women, rejection and graft loss are reported during the 
pregnancy, which may be several years after the initial trans-
plantation. In non-pregnant women, rejection and graft loss are 
reported with respect to time of transplantation, which captures 
a high-risk time early after transplantation of acute rejection and 
graft loss. Many other factors not categorized here also influence 
rates of graft loss including age, immunosuppressant regimen, 
degree of HLA matching (kidney), and primary disease leading 
to organ transplant (liver).

An interesting question is whether the mechanisms of 
allograft rejection during pregnancy are somewhat different 
than in non-pregnant women with greater tolerance imparted to 
organ transplants requiring T cell tolerance due to more robust 
HLA expression (e.g., kidney). For kidney transplants, HLA 
class I and II antigens are expressed and greater HLA matching 
is associated with superior outcomes.21,22 Alloreactive T cells for 
the donor organ may be downregulated during pregnancy, thus 
decreasing the risk of chronic rejection in kidney transplants. In 

Table 1. Rejection and graft loss in pregnant and non-pregnant women with an organ transplant

Organ 
Transplant 
Subgroup

Pregnant women with an organ transplant Non-pregnant women with organ transplant

N Rejection during pregnancy Graft loss within 2 y of 
delivery

N Rejection within 1 y of 
transplant

Graft loss within 2 y of 
transplant

Kidney*

CsA 517 1% 9%

17,379 11% 11%CsA mod 241 2% 6%

Tacrolimus 278 2% 6%

Liver

CsA 100 11% 8%

2,891 19% 23%CsA modified 64 2% 3%

Tacrolimus 140 5% 5%

Pancreas-Kidney

CsA 23 14% 13%

1,855 10% 12%CsA modified 23 0% 17%

Tacrolimus 42 5% 10%

Heart

CsA 43 21% 0%

1,259 31% 21%CsA modified 25 4% 4%

Tacrolimus 35 3% 3%

Lung 31 16% 14% 1,257 32% 28%

N, number of pregnancies or number of non-pregnant women. Data was obtained from the NTPR (2011 Annual Report)18 and the Organ Procurement 
and Transplantation Network on May 24, 2013. The non-pregnant women were 18–39 y old and received their transplant between 2000–2010. CsA, 
Sandimmune® brand cyclosporine A; CsA modified, newer formulation of CsA became available in 1994 with improved absorption over CsA. *The NTPR 
data on rejection in kidney transplants during pregnancy is acute, biopsy-proven rejection. Rejection for other organ transplants represents both acute 
and chronic rejection and is not always biopsy-proven.
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inflammatory bowel disease (T cell mediated) is greatest with 
maternal-fetal HLA-disparity and increasing disparity at mul-
tiple HLA loci.52,53

Other Mechanisms of Organ Transplant Tolerance  
or Rejection during Pregnancy

Some mechanisms that promote maternal-fetal tolerance dur-
ing pregnancy may paradoxically increase allograft rejection. 
The placenta secretes interleukin-10 (IL-10) and estrogen, which 
enhances B cell survival and antibody production.54,55 Higher lev-
els of IL-10 are also associated with liver and cardiac transplant 
rejection.56-58 Pregnancy has been implicated in two case reports 
as a factor for acute antibody-mediated rejection; in both cases 
there were new antibodies to fetal inherited paternal antigens 
(IPA) and the allograft detected following pregnancy.59,60 Parous 
women are also known to frequently (~30%) have antibodies 
against fetal HLA molecules (paternally inherited), minor histo-
compatibility antigens (mHA), and ABO blood-group antigens, 
which may cross-react with the allograft.61

Preeclampsia, a pregnancy complication associated with pro-
duction of inflammatory cytokines, has been thought to increase 
the risk of rejection and occurs frequently in pregnant women 
with kidney transplants (20–27%).62-66 However, preeclamp-
sia was not correlated with graft rejection either during preg-
nancy, 3 months postpartum or within 2 years of pregnancy 
among pregnant women with a kidney transplant on tacrolimus  
(n = 54 with vs. n = 94 without preeclampsia).67 Another expla-
nation for higher rates of rejection during pregnancy could be 
hemodynamic stress on the graft associated with a 30–50% 
increase in cardiac output during pregnancy and peripartum 
fluid shifts. Both of these factors may contribute to endothelial 
dysfunction or oxidative stress within the graft.68-70

Postpartum: Possible Mechanisms  
of Organ Transplant Tolerance or Rejection

The lack of research on immunologic shifts and allo- or autoreac-
tivity in the postpartum period represents a scientific “black box.” 
There is very little data on graft rejection in the first 3 months 
postpartum with the exception of recent data presented for women 
with a kidney transplant on tacrolimus-based immunosuppres-
sion. In this analysis, women were compared who had their first 
post-transplant pregnancy after a first transplant (T1, n = 129) or a 
retransplantation (T2; n = 26).67 Kidney graft rejection was more 
common in the first 3 months postpartum (T1: 6%, T2: 8%) 
than during pregnancy (T1: 2%, T2: 4%). We recognize that 
renal biopsies are sometimes delayed until after delivery, which 
would bias toward a higher rejection rate postpartum. However, 
the idea that the maternal immune system is more allo- or auto-
reactive postpartum is consistent with the classic flares of auto-
immune disease typical for women with rheumatoid arthritis,18 
Graves disease,71 and multiple sclerosis72 in the first few months 
after delivery. We hypothesize that the delicate immunologic bal-
ance required for solid organ allograft tolerance is perturbed in 
the first few months postpartum due mainly to the acute loss of 

the daily shedding of apoptotic syncytiotrophoblast debris from 
the placenta. Antigens shed likely include minor histocompat-
ibility antigens, since several minor antigens that are found in 
the syncytiotrophoblast correspond to identified populations of 
expanded maternal T cells specific for fetal minor antigens.32-34 
During normal pregnancy, the uptake of these antigens by imma-
ture dendritic cells in the context of apoptotic debris would bias 
toward a tolerogenic phenotype and induction of T cell toler-
ance.29,35 However, in the setting of heightened systemic inflam-
mation this process may be more likely to incite an alloreactive 
response; inflammation is critical for implantation, but also 
occurs with preterm birth and preeclampsia.36-38 Alloreactivity to 
fetal antigens presented by donor APCs in the graft might then 
lead to inflammation with bystander damage, widespread organ 
injury and rejection. This mechanism is consistent with murine 
data suggesting that the maternal immune system becomes 
“aware” of a fetal minor antigen through indirect presentation by 
maternal antigen presenting cells.39

The organ transplant may benefit from the presence of micro-
chimeric cells within the allograft during pregnancy, which may 
have tolerogenic effects. Starzl first proposed that after liver trans-
plantation, the detection of Mc donor cells in the recipient was 
beneficial and correlated with long-term tolerance of the organ 
allograft.40 In the setting of multiple sources of Mc, the role of 
donor Mc from the organ allograft is unknown, but is postulated 
to have a beneficial effect on tolerance if present. We hypoth-
esize that both FMc and MMc also interact with the donor organ 
and may become incorporated in the tissue. Studies have shown 
that FMc and MMc are found in many internal organs and even 
express tissue-specific markers (e.g., sarcomeric α-actin in cardiac 
myocytes, insulin staining in pancreatic islet β cells).41-46 Higher 
levels of MMc in the blood, heart and spleen have recently been 
correlated with cardiac transplant survival in mice.47 The interac-
tion of multiple sources of Mc in this setting may be analogous to 
studies of Mc in parous women or after cord blood transplanta-
tion (two donors), where Mc populations may compete resulting 
in predominance of Mc from one source.48,49 If the dominant Mc 
population expresses an HLA shared by the transplanted organ, 
this may be a factor increasing long-term tolerance of the organ 
allograft.

Consideration of HLA relationships between the recipient, 
her Mc cells, and the transplanted organ are likely a major factor 
in determining the balance between tolerance and rejection of a 
solid organ transplant during pregnancy. A significant difference 
in 10-y survival of a kidney transplant from a sibling was found if 
the organ expressed non-inherited maternal antigens (NIMA) vs. 
the non-inherited paternal antigen (NIPA; 77% vs. 49%).50 The 
transplant recipients were thought to become tolerant to NIMA 
through exposure to maternal antigens or MMc, which begins 
in fetal life. Tolerance associated with NIMA exposure has now 
been shown to correlate with NIMA-specific regulatory T cells 
(Tregs) within the allograft of a murine model.51 We also believe 
that HLA disparity between the pregnant woman and her fetus 
is another important factor in achieving “tolerogenic” effects for 
the allograft associated with a more robust peripheral T cell toler-
ance. Amelioration or remission of both rheumatoid arthritis and 
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bone marrow; one study described lifelong maintenance of Mc 
after engraftment of splenocytes with a single foreign MHC class 
I–restricted epitope that correlated with CD8+ T cell unrespon-
siveness, likely from clonal deletion.82 Further mechanistic studies 
on the short- and long-term impact of the pregnancy-associated 
maternal immune response to major and minor histocompatibil-
ity antigens shared by the fetoplacental unit and grafted organs 
will be informative of the sequelae of events associated with trans-
plantation outcome following pregnancy.

Summary

A pregnant woman with an organ transplant is a complex chimera 
with cell populations deriving from the donor organ, fetus, her 
own mother and potentially other sources (i.e., blood transfusion 
or a prior pregnancy). By the third trimester, the maternal immune 
system is exposed daily to gram-quantities of apoptotic syncytio-
trophoblast material containing fetal antigens, which is thought 
to promote peripheral T cell tolerance through uptake by imma-
ture dendritic cells. Whether fetal Mc persisting postpartum in a 
T- or B-cell lineage might change functionally after the delivery 
to then cross-react with the organ transplant may be a function of 
exposure to inflammation (e.g., preeclampsia) and HLA relation-
ships between the mother, fetus and donor. Exposure to NIMA, 
either in fetal life or through MMc, is known to be associated with 
superior outcomes in kidney transplants that also express NIMA. 
Factors other than Mc are likely very important for driving acute 
antibody-mediated rejection during pregnancy for cardiac and 
liver transplants; placental secretion of IL-10 and estrogen pro-
motes humoral immune responses and may exacerbate antibody 
responses to the graft during pregnancy.

The postpartum period is immunologically unique with rela-
tively little evidence to determine if this period is characterized 
by greater graft rejection and relatively more alloreactive than at 
other times in a woman’s life. A major factor that could influ-
ence graft rejection is the acute loss of the placenta, which was 
a primary driver of peripheral T cell tolerance during pregnancy 
through shedding of fetal antigens in apoptotic syncytiotropho-
blast. Interestingly, a few T cell mediated autoimmune diseases 
that may ameliorate or remit during pregnancy have a character-
istic flare postpartum suggesting that this period may be char-
acterized by greater autoreactivity. At the same time, IL-10 and 
estrogen levels also decrease, which may decrease the humoral 
immune responses that play a role in antibody-mediated rejection. 
Although there are limited data to confirm or refute hypotheses 
regarding immunology of the postpartum period, consideration 
of interactions between these pathways has highlighted areas for 
future investigation that have relevance for Mc, transplantation, 
and women’s health. Encouraging pregnant women with a solid 
organ transplant to register with the NTPR will allow further 
study of these questions.
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the placenta driving multiple mechanisms of peripheral T cell tol-
erance.29,30 The rapid decline in progesterone is another potential 
factor in graft rejection postpartum; progesterone is known to 
have immunomodulatory effects on several immune cell popula-
tions (B cells, macrophages, NK cells, production of Th2 cyto-
kines).73 Estrogen withdrawal may also be a factor favoring graft 
rejection in breastfeeding women, because estrogen expands Treg 
populations.74 In preliminary data, no adverse neonatal outcomes 
(n = 98 infants) were found by the NTPR in breastfeeding women 
on a variety of immunosuppressants, but postpartum graft rejec-
tion in this population has not been fully evaluated.75

HLA sensitization can occur following (or during) pregnancy 
and has been described in two cardiac transplant recipients who 
developed new cross-reactive HLA class II paternal and donor-
specific antibodies. In one case, the antibodies developed follow-
ing a normal pregnancy and stable immunosuppressant regimen 
17 years after transplantation.59 At three months postpartum, she 
presented with allograft dysfunction and was noted to have devel-
oped new HLA donor-specific antibodies. HLA typing performed 
on her baby and the baby’s father showed paternal antibodies pre-
sented by the fetus likely led to cross-reactivity to donor allograft 
antibodies leading to a cytotoxic response. She had clinical 
improvement with intravenous immunoglobulin, but ultimately 
required retransplantation at five months postpartum. Her failed 
allograft showed severe cardiac vasculopathy with mild acute cel-
lular rejection. A second case of antibody-mediated rejection of a 
cardiac transplant was reported following an 8-week miscarriage 
6 years after transplantation.60 Incidence of HLA sensitization in 
pregnant women with organ transplants is unknown, but may be 
exacerbated by elevated IL-10 and estrogen. With more than 100 
pregnancy outcomes in cardiac transplant recipients in the NTPR 
database, it would be of further interest to assay for HLA antibod-
ies specific for the donor and fetal IPA in cardiac transplant and 
other solid organ transplant recipients as a mechanism for post-
partum allograft rejection or graft loss within the first few years 
after delivery.67

In addition to de novo generation of maternal anti-paternal 
HLA antibodies during pregnancy, maternal T lymphocytes spe-
cific for fetal minor histocompatibility antigens expand.6,32,33,76 
Although these cells can be shown to possess effector cytokine 
and cytotoxic activity once stimulated in vitro,6,33,77 it is highly 
likely that in vivo expansion is blunted, they are hyporespon-
sive to antigen, and they upregulate inhibitory receptors.5,39,78,79 
Interestingly, the long-term persistence of maternal T cells specific 
for fetal minor antigens, including HA-1, HA-2 and HY, sug-
gests that these cells could interact with the same alloantigens in 
a different context, such as transplantation, during or following 
pregnancy. Whether these T cells might become alloreactive to or 
protective for the organ transplant during pregnancy or postpar-
tum is uncertain, but in mouse studies it is observed that T cell 
tolerance to male skin grafts is induced as a result of multipar-
ity.76,80,81 However, in another study using tumor cells expressing 
paternal Major Histocompatibility Complex (MHC) genes, the 
cells were tolerated during pregnancy but rejected immediately 
following pregnancy.5 This difference in alloreactivity may depend 
upon whether the microchimeric cells engraft into the spleen or 
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