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ABSTRACT

Systemic lupus erythematosus (SLE) is an immune-mediated disease characterized by 

the presence of autoantibodies and a wide array of clinical symptoms. Despite intensive 

research, the aetiology of SLE is still unknown and is probably multifactorial. Both 

genetic and environmental factors have been associated with SLE, but these factors 

alone are insuffi cient to explain the onset of SLE.

Recently, it has been suggested that chimerism plays a role in the pathogenesis of 

autoimmune diseases, including SLE. Chimerism indicates the presence of cells from 

one individual in another individual. In an experimental mouse model, the injection of 

chimeric cells induces a lupus-like disease. In addition, chimerism is found more often in 

kidneys from women with SLE than in healthy controls. 

There are several mechanisms by which chimeric cells could be involved in the 

pathogenesis of SLE. In this review, three hypotheses on the role of chimerism in SLE are 

discussed. The fi rst two hypotheses describe the possibilities that chimeric cells induce 

either a graft-versus-host reaction in the host (comparable with reactions seen after bone 

marrow transplantation) or a host-versus-graft reaction (comparable with reactions seen 

after solid organ transplantation). The third hypothesis discusses the possible benefi cial 

role chimeric cells may play in repair mechanisms due to their stem cell-like properties. 

This review provides insights into the mechanisms by which chimerism may be involved 

in SLE and proposes several lines of inquiry to further investigate chimerism in SLE.
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INTRODUCTION 

The term chimerism is used to indicate the presence of cells from one individual in 

another. Individuals can become chimeric in several ways. Pregnancy-related causes of 

chimerism can lead to chimerism of either the pregnant woman or the fetus. The former 

comprise completed pregnancy, miscarriage and induced abortion.1-4 The latter comprise 

maternal-fetal cell transfer,  cell transfusion from a twin, either a surviving twin or a 

vanished twin (i.e. a twin lost early in gestation) and transfer of cells, via the maternal 

circulation, from an older sibling.3,5,6 Causes of chimerism not related to pregnancy 

comprise blood transfusions and bone marrow or solid organ transplantations.7-9

Fetal cell chimerism is considered a natural consequence of normal pregnancy, resulting 

from local permeability of the placenta. It occurs in most, if not all, women during 

pregnancy,10,11 and therefore, fetal cell chimerism has become of primary interest in view 

of prenatal screening and testing.12 Chimeric fetal cells may present as hematopoietic 

progenitor cells (CD34+ and CD34+CD38+ cells), trophoblast cells, nucleated 

erythrocytes, T lymphocytes and other leukocytes.4,13-16 

Although most fetal cells are removed from the maternal circulation by the immune 

system, several studies have reported the presence of chimeric cells in the peripheral 

blood and tissues of healthy women long after pregnancy.14,15,17-19 Apparently, some fetal 

cells escape elimination by the immune system and survive in the maternal circulation of 

healthy women for many years after delivery, which may be considered a physiological 

phenomenon. Recently, however, reports have appeared implicating chimerism as the 

cause of immune-mediated diseases.20-23

Systemic lupus erythematosus (SLE) is an immune-mediated disease that occurs 

predominantly in women during their fertile years. The occurrence of autoantibodies 

reactive to several cell components is specifi c for SLE, but its aetiology is unknown. 

Recently, we demonstrated that chimeric cells are present twice as often in kidneys 

of women with lupus nephritis as in normal kidneys.24 Other studies have shown that 

in women with SLE, chimeric cells are present in the peripheral circulation.25-27 In one 
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case study, chimeric cells were found in several tissues of a woman with SLE, including 

intestines and lungs.28 

As already mentioned, maternal chimerism also exists, defi ned by the presence of 

maternal cells in offspring.5,29,30 Maternal chimerism may also persist for many years,29,30 

and may be of pathogenic importance in, for example, neonatal lupus syndrome,31,32 

juvenile idiopathic infl ammatory myopathies,33 and juvenile dermatomyositis,34 all 

sharing important similarities with adult SLE.

In order to determine what types of experiments will most effi ciently elucidate the role 

of chimeric cells in SLE and other autoimmune diseases, it is necessary to determine the 

various pathogenic mechanisms that theoretically could be involved. In this review, we 

discuss three hypotheses on the role of chimeric cells in immune-mediated diseases, 

with emphasis on the role of chimerism in SLE (Figures 1-3). 

HYPOTHESIS 1: CHIMERISM INDUCES A GRAFT-VERSUS-HOST REACTION

The fi rst hypothesis is that the chimeric cell is a T cell that induces a graft-versus-host 

(GVH) reaction. Because of the numerous similarities between autoimmune diseases 

and graft-versus-host disease (GVHD),35-38 it seems likely that a GVH-like reaction is 

involved in the pathogenesis of these diseases.

Is there evidence that a GVH-like reaction is triggered by chimeric cells in the development 

of SLE? In experimental mouse models, described in the 1980s by Via and Shearer39 

and others, a GVH reaction was induced by injecting parental T cells into the offspring 

of (C57BL/xDBA/2) mice. The injection of T cells from the C57BL/ parent into the F1 

host induced an acute GVH reaction accompanied by profound immunodefi ciency, 

anaemia, and hypogammaglobulinemia, which under certain circumstances was lethal. 

This reaction was the result of donor (parental) T helper cells, which were activated by 

antigen presenting cells (APCs) or B cells from the recipient (F1), which in turn activated 

the donor cytotoxic T cells, which eventually eliminated recipient cells. This reaction 
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is referred to as either an immunosuppressive, lethal, or acute GVH reaction.39,40 

However, if T cells from the DBA/2 parent were injected, a response occurred that 

was accompanied by lymphoid hyperplasia, by production of antibodies against the 

nucleus (ANA), dsDNA, erythrocytes, and thymocytes, and, most importantly, by an 

immune complex glomerulonephritis resembling human lupus nephritis.39,41-43 In this 

situation, donor parental T helper cells were able to continuously stimulate F1 host B 

cells because of a low frequency of cytotoxic T cell precursors. This reaction is referred 

to as immunostimulatory or chronic GVH reaction.39,40

In the mouse model, SLE is more an ‘alloimmune’ reaction in which chimeric cells react 

against host cells than a true autoimmune reaction. Unaware of the relatively common 

existence of chimeric cells in humans, Via and Shearer39 concluded that chimeric cells 

leading to polyclonal B cell activation would be unlikely in human SLE. Given the current 

knowledge that chimerism occurs in humans, the question arises whether, under certain 

conditions, chimeric cells are indeed capable of inducing an immunostimulatory GVH 

reaction (Figure 1).

At least three conditions are required for a chimeric cell to induce a GVH reaction.44 

First, the host must accept the presence of chimeric cells. Secondly, the chimeric cells 

must be immunologically competent T cells. Thirdly, the chimeric cells must recognize 

the cells of the host as foreign. In experimental models, it is the immunostimulatory 

GVH reaction that resembles human SLE, and this reaction only occurs if there is no 

development of anti-host CTL, due to a lack of CTL precursors. Therefore, lack of anti-

host CTL development can be added as a fourth condition under which a chimeric cell 

might induce SLE in humans.

Is there evidence that these four conditions occur in human SLE? First, the acceptance 

of chimeric cells by the host was demonstrated by several studies reporting the 

presence of chimeric cells in the blood of women with SLE.25-27,45 Secondly, there is 

evidence that at least a subpopulation of the chimeric cells in SLE are T cells.24 The 

third condition, addressing whether chimeric T cells are immunologically competent 

was never investigated in SLE, but this issue was addressed in patients with systemic 
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sclerosis (SSc). Artlett et al.46 reported that some of the chimeric cells in women with SSc 

were T cells, which was confi rmed by others,3,4,47 and both CD4+  and CD8+ chimeric T 

cells were identifi ed.48 These fi ndings are suggestive of the presence of immunological 

active chimeric cells. Evidence for the immunological competence of chimeric T cells 

was demonstrated by Scaletti et al.49 in systemic sclerosis: in this study, chimeric T cell 

clones were generated that showed a proliferative response and cytokine production to 

major histocompatibility complex (MHC) antigens on host cells. Taken together, these 

data provide evidence that the fi rst three conditions required for a chimeric cell to 

induce a GVH reaction in humans are met.
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Figure 1. Chimerism induces a GVH reaction. There is no CTL reaction of chimeric Tc cells against SLE-specifi c 
antibodies producing B cells nor against SLE-specifi c antigens. Therefore, chimeric Th cells can continuously 
stimulate host B cells to proliferate and secrete SLE specifi c antibodies. APC, antigen presenting cell; GVH, 
graft-versus-host; Th, T helper; Tc/ CTL, cytotoxic T cell. Colors: red, chimeric cell; blue, host cell.
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Lack of anti-host CTL development is the fourth condition in which a chimeric cell 

induces an immunostimulatory GVH reaction in the SLE mouse model. There are different 

viewpoints on why a lack of anti-host CTL development would occur in humans: it could 

either be due to a functional defi cit, or to a regulating mechanism suppressing CTL 

development. These regulating mechanisms may comprise the presence of T regulatory 

cells that suppress CTL function. In any case, the lack of an anti-host CTL response of 

human chimeric cells is diffi cult to demonstrate, and this issue has not been investigated 

yet. Functional studies are needed to investigate the importance of the lack of anti-host 

CTL development of chimeric cells in human SLE. For instance, it would be interesting 

to investigate the functional responsiveness of CD8+ T cells from children of women 

with SLE.

HYPOTHESIS 2: CHIMERISM INDUCES A HOST-VERSUS-GRAFT REACTION

The second hypothesis is that the chimeric cell is the target of a host-versus-graft (HVG)-

like reaction. Antigens from the chimeric cells induce an immune response leading to an 

autoimmune-like reaction, either by a direct response to chimeric cells (Figure 2a) or by 

cross-reactivity due to molecular mimicry (Figure 2b). 

Host-versus-graft reaction: the direct response

In the population of pregnancy-derived chimeric cells, progenitor cells are present 

with the capacity to differentiate into a variety of cells, e.g. endothelial or epithelial 

cells. Indeed, chimeric cells have been found as parenchymal cells in maternal tissues,50 

a phenomenon which will be discussed in more detail in hypothesis 3. Chimeric 

parenchymal cells in maternal tissue could elicit a maternal HVG response similar to an 

acute rejection episode after solid organ transplantation. 

Is there evidence in humans for a direct HVG-like reaction leading to an autoimmune-

like response? In this scenario, the host has to recognize the chimeric cell as foreign. 

Fetus-derived chimeric cells may be considered foreign cells because they contain 

inherited paternal antigens. During and after pregnancy, anti-paternal human leucocyte 
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antigen (HLA) antibodies have been found in up to 30% of mothers.51 A number of 

studies investigated whether HLA class alleles of fetus and mother were related to the 

occurrence of autoimmune disease.4,18,34,52-55 Stevens et al.54 investigated maternal HLA 

class II compatibility in men with SLE, and they observed that men with SLE signifi cantly 

more often showed bidirectional HLA class II compatibility with their mothers compared 

with healthy controls. Also in women with SSc, HLA class II compatibility with their 

children was found more often than in healthy controls.18 

During pregnancy, several mechanisms prevent the immune system of the mother from 

reacting against the paternal antigens on fetal cells.56 However, after delivery when 

these immune tolerance mechanisms of the mother are no longer in effect, the mother 

may well react against the paternal antigens of the chimeric cells, that may meanwhile 

have become integrated into her tissues. For the HVG response to occur, chimeric cells 

would have to be present in involved tissues. This was demonstrated in a study by 

our group in which chimeric cells were found in renal biopsies of women with lupus 

nephritis.24 Because the HVG reaction often results in the removal of chimeric cells, local 

disease manifestations may be limited, and this may parallel the clinical situation of a 

patient who experiences a relatively short and limited occurrence of SLE. 

If removal of chimeric antigens fails, for example due to an inadequate immune response 

of CD8 or natural killer cells, the chimeric cells would continuously stimulate the immune 

system, leading to a persistent chronic autoimmune-like response; a scenario that is 

applicable to SLE patients that develop a chronic disease. 

A similar mechanism was demonstrated in an experimental HVG mouse model in which 

an SLE-like disease was induced by injecting BALB/c mice at birth with spleen cells from 

either (C57BL/6 x BALB/c) F1 or (A/J x BALB/c) F1 hybrids.57 In this model, antinuclear, anti-

ssDNA, thymocytotoxic, and rheumatoid factor-like antibodies developed, together with 

glomerulonephritis that resembled human lupus nephritis. This reaction was interpreted 

to be the result of partial tolerance towards donor-alloantigens, as indicated by a clonal 

deletion of donor-specifi c cytotoxic T cells and of donor-specifi c T helper 1 (Th1) cells, 

and by the persistence of T helper 2 (Th2) cells providing help to donor B cells.58 This 
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model suggests that the selective escape from tolerization of donor-specifi c Th2 cells 

is the basis of the chronic autoimmune-like development of an HVG response. Studies 

investigating the immune response of human SLE have demonstrated that abnormal T 

cell signalling may be involved in the occurrence of persistent infl ammation and B cell 

proliferation in patients with SLE.59,60 In contrast to the mouse model, however, both 

Th1 and Th2 are thought to have a pathogenic role in human SLE.61 To what extent 

the mechanisms described in the experimental mouse models parallel the pathogenic 

mechanisms of SLE in humans, is still not completely clear.
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Figure 2A. Chimerism induces a HVG reaction – the direct response. Host APCs present a chimeric antigen to 
a host Th cell, which induces a cascade of reactions through the activation of complement, host Tc cells, and 
host B cells. If the immune system of the host cannot eliminate the chimeric antigen, the whole process starts 
again from the top, leading to a continuous stimulation of B cells and a persistent, chronic disease (shown 
on the bottom). A succesful, local immune response against antigens of chimeric cells causes limited disease, 
e.g. vasculitis or glomerulonephritis (shown in the middle on the left). APC, antigen presenting cell; HVG, 
host-versus-graft; Th, T helper; Tc/CTL, cytotoxic T cell. Colors: red, chimeric cell; blue, host cell.
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Within the scope of the persisting direct HVG response, a relation between the presence 

of chimeric cells and disease activity would be expected in humans with SLE. To our 

knowledge, only one study tried to approach this subject, by showing that women with 

SLE complicated by lupus nephritis had more male DNA in their blood than women with 

SLE without renal involvement.27 However, a clear-cut relationship between the level of 

chimerism and disease activity was lacking. To further test the HVG hypothesis, future 

studies should investigate the relationship between the presence of chimeric cells in a 

particular organ and the extent to which this organ is affected by SLE. 
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Figure 2B. Chimerism induces a HVG reaction – because of molecular mimicry, cross-reactivity of chimeric 
antigens and self-antigens occurs leading to autoimmunity. In the fi rst route (shown on the left), the host 
APCs present chimeric antigen to naïve Th cells. If these foreign antigens share epitopes with autoantigens 
of the recipient, the Th cells become primed for these autoantigens. The primed Th cells can then interact 
with autoantigens and stimulate autoantibodies-producing B cells. In the second route (shown on the right), 
autoreactive B cells recognize an epitope present both on an autoantigen and a foreign antigen. Normally 
the B cells present these autoantigens but receive no help from autoreactive Th cells, which are functionally 
deleted. If a cross-reacting foreign antigen is present, the B cells can present peptides of this molecule to non-
autoreactive Th cells, leading to proliferation and secretion of autoantibodies. APC, antigen presenting cell; 
HVG, host-versus-graft; Th, T helper; Tc/CTL, cytotoxic T cell; Colors: red, chimeric cell; blue, host cell.

Host-versus-graft reaction: molecular mimicry

The HVG reaction against chimeric cells can deteriorate into a chronic autoimmune-like 

disease not only by a direct response, but also by molecular mimicry. In this scenario, the 

chimeric cells induce an HVG reaction, which in itself is self-limited, but due to cross-
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reactivity based on molecular mimicry between the chimeric antigens and self-antigens 

of the host, autoimmunity occurs. There are two routes by which molecular mimicry can 

result in autoimmunity.

First, cross-reactive antigens on chimeric cells may stimulate host naïve autoreactive T 

cells. This reaction starts when a chimeric cell presents antigens on its surface that are 

recognized as foreign by the host. Host APCs present these foreign antigens to the naïve 

T cells. If these foreign antigens share epitopes with self-epitopes of the recipient, the 

host T cells become primed for self-epitopes. Once T cells are primed for self-epitopes, 

they can interact with autoantigens.

Second, cross-reactive antigens on the chimeric cell may stimulate host autoreactive 

B cells. Normally, an autoreactive B cell recognizes a self-epitope on an auto-antigen 

and presents the antigen to a Th cell, but because autoreactive Th cells are functionally 

deleted, the process stops here. However, if an antigen derived from a chimeric cell 

contains epitopes resembling both self-epitopes and foreign epitopes, host Th cells will 

recognize the foreign epitopes on the antigen and will activate host B cells to proliferate, 

differentiate, and secrete autoantibodies directed to both foreign and self-antigens.

What are the conditions under which a chimeric cell induces cross-reactivity? Most 

importantly, the chimeric cell has to express antigens that have similarities with the 

host, but differ suffi ciently from them to induce an immune response. Fetus-derived 

chimeric cells fulfi l these criteria because they contain both self-antigens derived from 

the mother and foreign paternal antigens.

Evidence supporting the HVG hypothesis is diffi cult to collect because the antigens that 

initially induced the cross-reactivity may be absent at the time of disease. In the future, 

functional studies investigating the immune reaction of the mother to the DNA and 

cells of her children, as well as intervention studies in experimental models may provide 

insights into the likeliness of the HVG hypothesis.
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HYPOTHESIS 3: CHIMERIC CELLS REPAIR INJURED TISSUE

The third hypothesis is that the chimeric cell is not directly involved in the pathogenesis 

of autoimmune disease, but that its presence in host tissues represents the result of a 

repair mechanism. This hypothesis suggests that chimeric cells develop from progenitor 

cells into parenchymal cells and replace damaged host cells after tissue injury. In 1996, 

Bianchi et al.14 reported that during pregnancy, fetus-derived CD34+ progenitor cells 

are present in the maternal circulation. Recently, this group reported that women who 

had been pregnant with a son in the past had Y chromosome positive cells with a 

CD45, cytokeratin, or heppar-1 phenotype in tissues affected by various diseases.50 

They concluded that pregnancy may result in the acquisition of a fetal cell population 

with the capacity for multilineage differentiation and for tissue injury repair. The fi nding 

that chimeric progenitor cells are also found in bone marrow would emphasize their 

longstanding existence.17 In this study, the authors even suggest that the chimeric cells 

provide the recipient with a rejuvenating source of progenitor cells.

Is there evidence for chimeric cells being important in repair mechanisms in autoimmune 

disease? Because the organ injury in autoimmune diseases such as SLE can be extensive, 

the amount of tissue chimerism refl ecting repair would be expected to be high. Indeed, 

tissue chimerism has been described repeatedly in various autoimmune diseases,18,33,46,62-

65 but some studies found that chimerism occurs just as frequently in diseases that are 

not immune-mediated, though more often than in healthy controls.64,66,67 Consequently, 

experiments investigating the repair capacity of chimeric cells have not been limited 

to the study of autoimmune-damaged tissue, but have been directed toward non-

autoimmune injured tissue as well. 

In experimental mouse models, cells of fetal origin were detected in the blood, bone 

marrow, spleen, liver, heart, lung, kidney and brain of the mother by detecting green 

fl uorescent protein-positive (GFP+) cells in a GFP- mother who mated with an enhanced 

GFP (EGFP) male.68 Because in this report no mention is made of injury, the chimeric cells 

may refl ect the physiological turnover of cells in organs, a process called ‘maintenance’. 

Using the same model, Wang et al.69 specifi cally studied whether fetus-derived chimeric 
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cells migrate to sites of injury and replace damaged cells. After delivery, kidney injury was 

induced in the mother mice by administering gentamicine, and liver injury was induced 

by giving them ethanol. GFP+ cells were found in the injured kidney in tubules, in the 

liver as hepatocytes, and in the bone marrow.69 Another study showed the presence 

of fetus-derived cells in murine maternal brains after induction of excitotoxic lesions.70 

It may be concluded from these studies that various types of injury may give rise to 

chimeric cell repair, and that injury caused by autoimmune disease is no exception. 
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Figure 3. Chimeric cells repair injured tissues. Chimeric, pregnancy-derived progenitor cells differentiate into 
parenchymal cells and replace injured host cells. Colors: red, chimeric cell; blue, host cell.

From a critical point of view, the notion that chimeric cells in tissue truly refl ect a repair 

process cannot be proven by studying human tissue samples at one point in time, and 

without investigating the phenotype. Other processes, such as tissue maintenance may 

also be responsible for the occurrence of chimeric cells in tissues, which seems to be 

the case in normal tissues.19 Further, it has not been demonstrated yet that the chimeric 

cells have the same function as host cells. The ultimate criterion for a chimeric cell being 
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benefi cial to the host in tissue repair would lie in the demonstration of its function in 

its new environment.

In the repair hypothesis, the chimeric cells do not elicit an autoimmune response as in 

the previous two hypotheses. The function of the chimeric parenchymal cell is regarded 

as purely benefi cial, but there may be a pitfall: suppose that after having successfully 

repaired injury, chimeric parenchymal cells become a trigger for a detrimental host-

versus-graft immune response as described in hypothesis 2. In this scenario, organ sites 

that have been injured would be at risk for a host-versus-graft immune response at 

a later time. Future research should investigate whether organs that are particularly 

affected by an autoimmune disease such as SLE had previously sustained injury. 

DISCUSSION

We have discussed three different hypotheses that attribute a causative role to the 

chimeric cells found in patients with autoimmune diseases, especially in patients with 

SLE. The three hypotheses address different characteristics of the chimeric cells such as 

phenotype, location, and pathogenic role. It is still too early to speak out a preference 

for one of these hypotheses on the basis of functional evidence. Moreover, it may be 

that only a combination of these hypotheses will explain how chimeric cells are involved 

in the disease process. In recent articles, increasing attention is paid to the repair 

hypothesis (hypothesis 3),17,50,71 implicating that chimeric cells are not directly involved 

in the pathogenesis of autoimmune diseases. However, it should not be forgotten that 

after successful repair by chimeric cells, a host-versus-graft reaction to these chimeric 

cells could be induced at a later time, for instance if an altered immunologic response 

occurs (hypothesis 2). 

Other than having either a disease-inducing or a benefi cial role, the chimeric cells 

could be ‘innocent bystanders’ that do not infl uence the immune system of the host. It 

could even be argued that searching for a signifi cant difference between the amount 

of chimeric cells in women with and without disease is irrelevant. After all, if chimeric 
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cells are distributed equally throughout the body, and the density of cells increases in 

diseased tissue (e.g. due to infl ammatory infi ltrates), more chimeric cells will be found 

in diseased tissues than in healthy tissues, but this fi nding would have no relation to the 

disease process. The relationship between infl ammation and the presence of chimerism, 

reported by Johnson et al.,28 could be indicative of this theory. This theory is even more 

supported by the fi nding that chimeric cells of various immunological cell phenotypes, 

like T cells, B cells, macrophages and NK cells, have been demonstrated in tissues and 

blood of autoimmune-affected individuals.15,24,46,50,55 Until future investigations have 

provided functional data of the immune competence and differentiating capacities of 

chimeric cells, the possibility of chimeric cells being innocent bystanders should not be 

forgotten.

In our descriptions of the hypotheses we have mainly focussed on fetal chimerism 

in relation to autoimmune disease in women. Maternal chimerism may play a role in 

autoimmune disease in men and in children.31,33,34,72 Both stem cells and T cells of maternal 

origin have been found in cord blood. Evidence for the immunological competence of 

maternal chimeric T cells was demonstrated by Reed et al.55 in juvenile dermatomyositis: 

in this study, chimeric T cells showed increased cytokine production to antigens on 

host cells. Considering the concept of fetal-maternal cell transfer, it is important to 

realize that the proportion of, for instance, stem cells and immunocompetent T cells 

in chimeric fetal and maternal cells is different. However, because the number of 

transferred chimeric cells is not necessary related to their pathogenic effect, all three 

hypotheses can also be applied to maternal chimerism. An interesting disease in which 

maternal chimerism may play a role is neonatal lupus syndrome (NLS), with associated 

congenital heart block, rash, hepatitis, thrombocytopenia and neutropenia, occurring 

in the fetus in association with specifi c anti-Ro and anti-La autoantibodies in the 

mother.73 It is unknown why only 1% of fetuses with these antibodies develop NLS with 

congenital heart block,73 but Stevens et al.31 recently demonstrated a relation to the 

presence of maternal chimeric cells in the heart. This fi nding fi ts into hypothesis 2, by 

which a HVG reaction to parenchymal cells leads to autoimmune disease. These authors 

suggested that also a GVH reaction (hypothesis 1) could explain for the presence of 

maternal cells in NLS.32 A third option is that maternal cells could contribute to tissue 
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repair (hypothesis 3) because maternal CD34+ cells have been detected in cord blood,74 

and differentiated tissue-specifi c maternal chimeric cells have been identifi ed in NLS.31 

Concluding, the difference in subpopulations of maternal and fetal chimeric cells may 

explain why autoimmune disease in newborns and young children is less common than 

in adults, but further research needs to investigate this issue more thoroughly.

Because pregnancy is very common and autoimmune diseases are rare, it is likely that 

only certain subsets of chimeric cells have pathogenic potential. In women who have 

been pregnant several times, a heterogeneous population of fetal chimeric cells is bound 

to be present. Moreover, it should be mentioned that unrecognized pregnancies can 

also lead to persistent chimerism in the mother. Studies investigating the occurrence 

of unrecognized miscarriages have reported that the rate of pregnancy loss prior to 

the fi rst missed period is approximately 22-30%.75,76 These fi ndings explain why a 

clear-cut relationship between pregnancy status and autoimmune disease is practically 

impossible to investigate, and why until now a direct relation between pregnancy and 

the occurrence of SLE has not been demonstrated.

In conclusion, the recent fi nding that many people have chimeric cells which are tolerated 

long-term and have a stem cell capacity is a fascinating phenomenon that may have 

both benefi cial and harmful consequences in terms of disease. This review structures 

the results that have been collected in studies investigating the role of chimeric cells 

and relates them to three pathogenic mechanisms, thereby providing clues for future 

investigations. In the case of autoimmune diseases, it is critical to determine whether 

chimeric cells are primarily involved in tissue repair and are therefore benefi cial, or 

whether they initiate a destructive immune response, and cause disease.

ACKNOWLEDGMENTS

We thank Prof. Dr. Els Goulmy and Dr. Astrid van Halteren for critically reading the 

manuscript. We kindly acknowledge the Gratama Foundation for their support.



7

171

REFERENCE LIST

1.  Bianchi DW, Farina A, Weber W, et al. Signifi cant fetal-maternal hemorrhage after termination 

of pregnancy: implications for development of fetal cell microchimerism. Am J Obstet Gynecol 

2001;184:703-706. 

2.  Khosrotehrani K, Johnson KL, Lau J, et al. The infl uence of fetal loss on the presence of fetal cell 

microchimerism: a systematic review. Arthritis Rheum 2003;48:3237-3241. 

3.  Lambert NC, Lo YM, Erickson TD, et al. Male microchimerism in healthy women and women with 

scleroderma: cells or circulating DNA? A quantitative answer. Blood 2002;100:2845-2851. 

4.  Lambert NC, Evans PC, Hashizumi TL, et al. Cutting edge: persistent fetal microchimerism in T lymphocytes 

is associated with HLA-DQA1*0501: implications in autoimmunity. J Immunol 2000;164:5545-5548. 

5.  Srivatsa B, Srivatsa S, Johnson KL, et al. Maternal cell microchimerism in newborn tissues. J Pediatr 

2003;142:31-35. 

6.  van Dijk BA, Boomsma DI, de Man AJ. Blood group chimerism in human multiple births is not rare. Am 

J Med Genet 1996;61:264-268. 

7.  Lee TH, Paglieroni T, Ohto H, et al. Survival of donor leukocyte subpopulations in immunocompetent 

transfusion recipients: frequent long-term microchimerism in severe trauma patients. Blood 

1999;93:3127-3139. 

8.  Lee TH, Paglieroni T, Utter GH, et al. High-level long-term white blood cell microchimerism after 

transfusion of leukoreduced blood components to patients resuscitated after severe traumatic injury. 

Transfusion 2005;45:1280-1290. 

9.  Starzl TE, Demetris AJ, Trucco M, et al. Cell migration and chimerism after whole-organ transplantation: 

the basis of graft acceptance. Hepatology 1993;17:1127-1152. 

10.  Ariga H, Ohto H, Busch MP, et al. Kinetics of fetal cellular and cell-free DNA in the maternal circulation 

during and after pregnancy: implications for noninvasive prenatal diagnosis. Transfusion 2001;41:1524-

1530. 

11.  Lo YM, Lau TK, Chan LY, et al. Quantitative analysis of the bidirectional fetomaternal transfer of nucleated 

cells and plasma DNA. Clin Chem 2000;46:1301-1309. 

12.  Bianchi DW. Circulating fetal DNA: its origin and diagnostic potential-a review. Placenta 2004;25 Suppl 

A:S93-S101. 

13.  Bianchi DW, Flint AF, Pizzimenti MF, et al. Isolation of fetal DNA from nucleated erythrocytes in maternal 

blood. Proc Natl Acad Sci U S A 1990;87:3279-3283. 



172

7

14.  Bianchi DW, Zickwolf GK, Weil GJ, et al. Male fetal progenitor cells persist in maternal blood for as long 

as 27 years postpartum. Proc Natl Acad Sci U S A 1996;93:705-708. 

15.  Evans PC, Lambert N, Maloney S, et al. Long-term fetal microchimerism in peripheral blood mononuclear 

cell subsets in healthy women and women with scleroderma. Blood 1999;93:2033-2037. 

16.  Mueller UW, Hawes CS, Wright AE, et al. Isolation of fetal trophoblast cells from peripheral blood of 

pregnant women. Lancet 1990;336:197-200. 

17.  O’Donoghue K, Chan J, de la FJ, et al. Microchimerism in female bone marrow and bone decades after 

fetal mesenchymal stem-cell traffi cking in pregnancy. Lancet 2004;364:179-182. 

18.  Nelson JL, Furst DE, Maloney S, et al. Microchimerism and HLA-compatible relationships of pregnancy in 

scleroderma. Lancet 1998;351:559-562. 

19.  Koopmans M, Kremer Hovinga IC, Baelde HJ, et al. Chimerism in kidneys, livers and hearts of normal 

women: implications for transplantation studies. Am J Transplant 2005;5:1495-1502. 

20.  Ando T, Davies TF. Self-recognition and the role of fetal microchimerism. Best Pract Res Clin Endocrinol 

Metab 2004;18:197-211. 

21.  Nelson JL. Pregnancy, persistent microchimerism, and autoimmune disease. J Am Med Womens Assoc 

1998;53:31-2, 47. 

22.  Adams KM, Nelson JL. Microchimerism: an investigative frontier in autoimmunity and transplantation. 

JAMA 2004;291:1127-1131. 

23.  Nelson JL. Maternal-fetal immunology and autoimmune disease: is some autoimmune disease auto-

alloimmune or allo-autoimmune? Arthritis Rheum 1996;39:191-194. 

24.  Kremer Hovinga IC, Koopmans M, Baelde HJ, et al. Chimerism occurs twice as often in lupus nephritis 

as in normal kidneys. Arthritis Rheum 2006;54:2944-2950. 

25.  Abbud FM, Pavarino-Bertelli EC, Alvarenga MP, et al. Systemic lupus erythematosus and microchimerism 

in autoimmunity. Transplant Proc 2002;34:2951-2952. 

26.  Gannage M, Amoura Z, Lantz O, et al. Feto-maternal microchimerism in connective tissue diseases. Eur 

J Immunol 2002;32:3405-3413. 

27.  Mosca M, Curcio M, Lapi S, et al. Correlations of Y chromosome microchimerism with disease activity in 

patients with SLE: analysis of preliminary data. Ann Rheum Dis 2003;62:651-654. 

28.  Johnson KL, McAlindon TE, Mulcahy E, et al. Microchimerism in a female patient with systemic lupus 

erythematosus. Arthritis Rheum 2001;44:2107-2111. 

29.  Ichinohe T, Teshima T, Matsuoka K, et al. Fetal-maternal microchimerism: impact on hematopoietic stem 

cell transplantation. Curr Opin Immunol 2005;17:546-552. 



7

173

30.  Maloney S, Smith A, Furst DE, et al. Microchimerism of maternal origin persists into adult life. J Clin 

Invest 1999;104:41-47. 

31.  Stevens AM, Hermes HM, Rutledge JC, et al. Myocardial-tissue-specifi c phenotype of maternal 

microchimerism in neonatal lupus congenital heart block. Lancet 2003;362:1617-1623. 

32.  Stevens AM, Hermes HM, Lambert NC, et al. Maternal and sibling microchimerism in twins and triplets 

discordant for neonatal lupus syndrome-congenital heart block. Rheumatology (Oxford) 2005;44:187-

191. 

33.  Artlett CM, Ramos R, Jiminez SA, et al. Chimeric cells of maternal origin in juvenile idiopathic infl ammatory 

myopathies. Childhood Myositis Heterogeneity Collaborative Group. Lancet 2000;356:2155-2156. 

34.  Reed AM, Picornell YJ, Harwood A, et al. Chimerism in children with juvenile dermatomyositis. Lancet 

2000;356:2156-2157. 

35.  Chosidow O, Bagot M, Vernant JP, et al. Sclerodermatous chronic graft-versus-host disease. Analysis of 

seven cases. J Am Acad Dermatol 1992;26:49-55. 

36.  Gratwhol AA, Moutsopoulos HM, Chused TM, et al. Sjogren-type syndrome after allogeneic bone-

marrow transplantation. Ann Intern Med 1977;87:703-706. 

37.  Fialkow PJ, Gilchrist C, Allison AC. Autoimmunity in chronic graft-versus-host disease. Clin Exp Immunol 

1973;13:479-486. 

38.  Shulman HM, Sullivan KM, Weiden PL, et al. Chronic graft-versus-host syndrome in man. A long-term 

clinicopathologic study of 20 Seattle patients. Am J Med 1980;69:204-217. 

39.  Via CS, Shearer GM. T-cell interactions in autoimmunity: insights from a murine model of graft-versus-

host disease. Immunol Today 1988;9:207-213. 

40.  Via CS, Sharrow SO, Shearer GM. Role of cytotoxic T lymphocytes in the prevention of lupus-like disease 

occurring in a murine model of graft-vs-host disease. J Immunol 1987;139:1840-1849. 

41.  Bruijn JA, Van Elven EH, Hogendoorn PC, et al. Murine chronic graft-versus-host disease as a model for 

lupus nephritis. Am J Pathol 1988;130:639-641. 

42.  Gleichmann E, Gleichmann H. Pathogenesis of graft-versus-host reactions (GVHR) and GVH-like diseases. 

J Invest Dermatol 1985;85:115s-120s. 

43.  Meyers CM, Tomaszewski JE, Glass JD, et al. The nephritogenic T cell response in murine chronic graft-

versus-host disease. J Immunol 1998;161:5321-5330. 

44.  Jimenez SA, Artlett CM. Microchimerism and systemic sclerosis. Curr Opin Rheumatol 2005;17:86-90. 

45.  Miyashita Y, Ono M, Ono M, et al. Y chromosome microchimerism in rheumatic autoimmune disease. 

Ann Rheum Dis 2000;59:655-656. 



174

7

46.  Artlett CM, Smith JB, Jimenez SA. Identifi cation of fetal DNA and cells in skin lesions from women with 

systemic sclerosis. N Engl J Med 1998;338:1186-1191. 

47.  Burastero SE, Galbiati S, Vassallo A, et al. Cellular microchimerism as a lifelong physiologic status in 

parous women: an immunologic basis for its amplifi cation in patients with systemic sclerosis. Arthritis 

Rheum 2003;48:1109-1116. 

48.  Artlett CM, Cox LA, Ramos RC, et al. Increased microchimeric CD4+ T lymphocytes in peripheral blood 

from women with systemic sclerosis. Clin Immunol 2002;103:303-308. 

49.  Scaletti C, Vultaggio A, Bonifacio S, et al. Th2-oriented profi le of male offspring T cells present in women 

with systemic sclerosis and reactive with maternal major histocompatibility complex antigens. Arthritis 

Rheum 2002;46:445-450. 

50.  Khosrotehrani K, Johnson KL, Cha DH, et al. Transfer of fetal cells with multilineage potential to maternal 

tissue. JAMA 2004;292:75-80. 

51.  Regan L, Braude PR, Hill DP. A prospective study of the incidence, time of appearance and signifi cance 

of anti-paternal lymphocytotoxic antibodies in human pregnancy. Hum Reprod 1991;6:294-298. 

52.  Mozes E, Alling D, Miller MW, et al. Genetic analysis of experimentally induced lupus in mice. Clin 

Immunol Immunopathol 1997;85:28-34. 

53.  Portanova JP, Ebling FM, Hammond WS, et al. Allogeneic MHC antigen requirements for lupus-like 

autoantibody production and nephritis in murine graft-vs-host disease. J Immunol 1988;141:3370-

3376. 

54.  Stevens AM, Tsao BP, Hahn BH, et al. Maternal HLA class II compatibility in men with systemic lupus 

erythematosus. Arthritis Rheum 2005;52:2768-2773. 

55.  Reed AM, McNallan K, Wettstein P, et al. Does HLA-dependent chimerism underlie the pathogenesis of 

juvenile dermatomyositis? J Immunol 2004;172:5041-5046. 

56.  Trowsdale J, Betz AG. Mother’s little helpers: mechanisms of maternal-fetal tolerance. Nat Immunol 

2006;7:241-246. 

57.  Goldman M, Feng HM, Engers H, et al. Autoimmunity and immune complex disease after neonatal 

induction of transplantation tolerance in mice. J Immunol 1983;131:251-258. 

58.  Goldman M, Druet P, Gleichmann E. TH2 cells in systemic autoimmunity: insights from allogeneic 

diseases and chemically-induced autoimmunity. Immunol Today 1991;12:223-227. 

59.  Lee YH, Harley JB, Nath SK. CTLA-4 polymorphisms and systemic lupus erythematosus (SLE): a meta-

analysis. Hum Genet 2005;116:361-367. 



7

175

60.  Nagy G, Perl A. The role of nitric oxide in abnormal T cell signal transduction in systemic lupus 

erythematosus. Clin Immunol 2006;118:145-151. 

61.  Gomez D, Correa PA, Gomez LM, et al. Th1/Th2 cytokines in patients with systemic lupus erythematosus: 

is tumor necrosis factor alpha protective? Semin Arthritis Rheum 2004;33:404-413. 

62.  Corpechot C, Barbu V, Chazouilleres O, et al. Fetal microchimerism in primary biliary cirrhosis. J Hepatol 

2000;33:696-700. 

63.  Klintschar M, Schwaiger P, Mannweiler S, et al. Evidence of fetal microchimerism in Hashimoto’s 

thyroiditis. J Clin Endocrinol Metab 2001;86:2494-2498. 

64.  Srivatsa B, Srivatsa S, Johnson KL, et al. Microchimerism of presumed fetal origin in thyroid specimens 

from women: a case-control study. Lancet 2001;358:2034-2038. 

65.  Tanaka A, Lindor K, Gish R, et al. Fetal microchimerism alone does not contribute to the induction of 

primary biliary cirrhosis. Hepatology 1999;30:833-838. 

66.  Renne C, Ramos LE, Steimle-Grauer SA, et al. Thyroid fetal male microchimerisms in mothers with 

thyroid disorders: presence of Y-chromosomal immunofl uorescence in thyroid-infi ltrating lymphocytes 

is more prevalent in Hashimoto’s thyroiditis and Graves’ disease than in follicular adenomas. J Clin 

Endocrinol Metab 2004;89:5810-5814. 

67.  Stevens AM, McDonnell WM, Mullarkey ME, et al. Liver biopsies from human females contain male 

hepatocytes in the absence of transplantation. Lab Invest 2004;84:1603-1609. 

68.  Khosrotehrani K, Johnson KL, Guegan S, et al. Natural history of fetal cell microchimerism during and 

following murine pregnancy. J Reprod Immunol 2005;66:1-12. 

69.  Wang Y, Iwatani H, Ito T, et al. Fetal cells in mother rats contribute to the remodeling of liver and kidney 

after injury. Biochem Biophys Res Commun 2004;325:961-967. 

70.  Tan XW, Liao H, Sun L, et al. Fetal microchimerism in the maternal mouse brain: a novel population of 

fetal progenitor or stem cells able to cross the blood-brain barrier? Stem Cells 2005;23:1443-1452. 

71.  Khosrotehrani K, Bianchi DW. Multi-lineage potential of fetal cells in maternal tissue: a legacy in reverse. 

J Cell Sci 2005;118:1559-1563. 

72.  Lambert NC, Distler O, Muller-Ladner U, et al. HLA-DQA1*0501 is associated with diffuse systemic 

sclerosis in Caucasian men. Arthritis Rheum 2000;43:2005-2010. 

73.  Cimaz R, Spence DL, Hornberger L, et al. Incidence and spectrum of neonatal lupus erythematosus: 

a prospective study of infants born to mothers with anti-Ro autoantibodies. J Pediatr 2003;142:678-

683. 



176

7

74.  Hall JM, Lingenfelter P, Adams SL, et al. Detection of maternal cells in human umbilical cord blood using 

fl uorescence in situ hybridization. Blood 1995;86:2829-2832. 

75.  Macklon NS, Geraedts JP, Fauser BC. Conception to ongoing pregnancy: the ‘black box’ of early 

pregnancy loss. Hum Reprod Update 2002;8:333-343. 

76.  Wilcox AJ, Weinberg CR, O’Connor JF, et al. Incidence of early loss of pregnancy. N Engl J Med 

1988;319:189-194. 

77.  Giron-Gonzalez JA, Moral FJ, Elvira J, et al. Consistent production of a higher TH1:TH2 cytokine ratio by 

stimulated T cells in men compared with women. Eur J Endocrinol 2000;143:31-36. 

78.  Sherer Y, Gorstein A, Fritzler MJ, et al. Autoantibody explosion in systemic lupus erythematosus: more 

than 100 different antibodies found in SLE patients. Semin Arthritis Rheum 2004;34:501-537. 








