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ABSTRACT
Patients with severe combined immunodeficiency (SCID) typically present with profoundly reduced T cells. In
some cases, however, T cells may be affected by defects that allow some T-cell development but compromise
T-cell function such as in Omenn syndrome (OS), which is characterized by impaired Tcell differentiation in the pre-
sence of abnormal self-reactive cells. One distinctive feature of SCID patients, which can sometimes resemble the
clinical picture of OS, is the presence of alloreactive cells that originated from transplacentally acquired maternal
T lymphocytes. The traditional view is that self-reactive cells and transplacentally acquired maternal Tcells cannot
occur concomitantly in the same OS patient. This review provides an updated functional characterization of trans-
placentally acquired maternal Tcells and compares them with the Tcells of an OS patient. An unusual case of an
immunodeficient SCID patient with a mild OS phenotype is also presented. This patient had both self-reactive
cells and transplacentally acquired maternal T cells, allowing us to simultaneously evaluate the function and
tolerance capacities of both cell types. We propose that coexistence of autologous and maternal Tcells in patients
exhibiting mild OS symptoms was rejected because it had not been studied before and not because the cells are
mutually exclusive. Moreover, taking into consideration the milder clinical phenotype associated with transplacen-
tally acquired maternal Tcells in SCID patients, we believe that these cells may provide some degree of immunity
and prevent autoimmunity, even though they do not actually function to protect against infections.

Statement of novelty: Autologous and transplacental-acquired maternal T cells can coexist in the same SCID
patient. Although both cell types are nonfunctional for protecting against infections, maternal cells provide some
degree of immunity and therefore are associated with only mild GVHD symptoms.

Introduction

Severe combined immunodeficiency (SCID) is the
most severe form of inherited primary immunodefi-
ciency. A typical SCID patient is characterized by thy-
mic dysplasia and arrest in T lymphocyte maturation
(T− SCID phenotype). As a result, the number of T cells,
as determined by fluorescence activated cell sorting
(FACS) analysis, is extremely reduced and cell function,
as determined by response to mitogenic stimulations, is
completely absent (Cooper et al. 2003). SCID patients

also display variable expressions of B and NK cells stem-
ming from a specific genetic defect, and are therefore
usually categorized into having either SCID with no
T lymphocytes but with B lymphocytes (T− B+ SCID)
or SCID with neither T nor B lymphocytes (T− B−

SCID) (Al-Herz et al. 2014). Regardless of the immuno-
logic phenotype, patients with SCID share similar clini-
cal features, including early-onset severe respiratory
tract infections, severe infections with opportunistic
pathogens, chronic diarrhea, and failure to thrive. All
affected individuals, without exception, will have a fatal
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outcome unless the immune system is promptly
restored by means of strict isolation and prophylactic
antibiotics, followed by hematopoietic stem cell trans-
plantation or, in some specific cases, gene therapy
(Dvorak et al. 2013; Pai et al. 2014). Interestingly, T cells
may even be found in normal numbers in some SCID
patients (Roifman et al. 2012). Numerous recently iden-
tified related defects allow T-cell development on the
one hand but compromise T-cell function on the other
by affecting proximal or distal steps in intracellular sig-
naling. These functional T-cell immunodeficiencies are
characterized by immune dysregulation, autoimmunity,
increased risk of malignancies, and infections (Notaran-
gelo, 2014). Some of these forms are due to mutations in
the genes that cause SCID or other “leaky” phenotypes
due to hypomorphic mutations in SCID-associated
genes and some are combined immunodeficiency with
residual non-functions cells (Notarangelo 2013). Omenn
syndrome (OS) is a typical example of a unique SCID
phenotype that is characterized by impaired T-cell dif-
ferentiation in the presence of abnormal self-reactive
cells (Villa et al. 1998). It was first reported in patients
with hypomorphic mutations in the recombination
activating gene (RAG) 1 or 2 b, and it has since been
identified in a growing list of other leaky SCIDs as
well (Villa et al. 2008). Clinically, OS is characterized
by increased susceptibility to severe infections and auto-
immune features, including generalized scaly exudative
erythroderma, enlarged lymphoid tissues, activation
of T-helper type 2 (TH2) lymphocytes, eosinophilia,
hyperimmunoglobulin E (IgE), and peripheral expan-
sion of oligoclonal T cells. These cells infiltrate specific
lymphoid tissues and skin, causing a unique clinical
presentation (Aleman et al. 2001). The suggested
mechanism underlying this phenomenon is the possible
inability of the thymus to delete these abnormal clones,
owing to profoundly reduced thymic autoimmune
regulator gene (AIRE) mRNA and protein levels that
compromise both central and peripheral tolerance
mechanisms. Patients with OS were shown to have
profound abnormalities of thymic epithelial cell differ-
entiation and severe reduction of thymic dendritic cells,
as well as the virtual absence of thymic and peripheral
forkhead box P3 (FOXP3+) T regulatory cells (Tregs)
(Cavadini et al. 2005; Poliani et al. 2009; Cassani et al.
2010). One distinctive feature of SCID patients, which
sometimes can resemble the clinical picture of OS, is
the presence of alloreactive cells that had originated
from transplacentally acquired maternal T lymphocytes
(Appleton et al. 1994). These cells and the autoreactive
cells seen in OS have many clinical and laboratory fea-
tures in common including atypical skin eruption,

hepatosplenomegaly, eosinophilia, elevated IgE levels,
the Th2 cytokine pattern, low T-cell activity, and a
restricted repertoire of the T-cell receptors (Plebani et al.
1998). The maternal placenta is an incomplete bidirec-
tional barrier that allows the transfer of maternal cells
to neonates. Immunocompetent newborns who have
effective T-cell immunity can rapidly reject the HLA-
mismatched maternal cells. In contrast, SCID newborns
fail to eliminate these cells, and T-cell engraftment was
reported in as many as 40% of newborns (Müller et al.
2001). Immunologic characterization of these cells and
their advantage of passing the placenta and surviving,
compared with other maternal T cells, have not been
investigated in depth. The first observation that it was
possible to find engraftment of intrauterine-derived
maternal T cells in a patient with SCID was reported
in 1978 (Pollack et al. 1980). The same authors later
reported that 4 out of their 16 SCID patients tested posi-
tive to maternal cells. They proved their findings using
the E-rosette test to quantify T cells followed by typed
HLA to verify that these cells are maternal (Pollack et al.,
1982). These cells were initially considered as being
completely nonfunctional, but were later found to have
some in vitro T-cell function, with variable proportions
of T cells bearing CD4 and CD8. Moreover, the pre-
sence of the Ia antigen and the absence of ecto−5′-NT
activity in these cells were consistent with features of
cell activation. This activation is responsible for the clin-
ical phenotype of graft-versus-host disease (GVHD)
symptoms observed in some SCID patients (Thompson
et al. 1984). Indeed, cutaneous manifestations of mater-
nal engraftment as a result of the GVHD process in
patients with SCID are common. They consist of a
scaling, erythematous maculopapular eruption spread
widely over the trunk and extremities, with near-
erythroderma in some patients. Microscopically, the
biopsies show parakeratosis, psoriasiform hyperplasia,
and spongiosis rash (Denianke et al. 2001). The largest
study on engraftment by transplacentally acquired
maternal T cells was published in 2001 (Müller et al.
2001). Maternal T cells were immunologically detected
in the circulation in 48 out of a reported 121 SCID
patients, with cells ranging from fewer than 100/1 µL
to more than 2000/1 µL. In spite of these cells, however,
clinical signs of GVHD were absent in most patients
and only one-quarter of them had GVHD manifesta-
tions (predominantly involving the skin but also the
liver). Patients with prominent skin manifestations of
GVHD had mainly activated CD4+ T cells, whereas
those with a milder phenotype had mainly non-
activated CD4+ T cells (Müller et al. 2001). Unusual clin-
ical and immunologic manifestations of transplacentally
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acquired maternal T cells in SCID have been reported;
one example shows them causing allograft rejection
and immune cytopenias (Palmer et al. 2007). In other
rare cases, these cells conferred immunity and protec-
tion against infections, enabling SCID patients to reach
an older age (Tezcan et al. 2005; Al-Muhsen, 2010).
Kobrynski and Abramowsky (2006) reported a rare
case of a monoclonal IgA gammopathy occurring in an
infant with RAG1 deficiency owing to engraftment of
maternal B cells. Touzot et al. (2012) reported a massive
expansion of maternal T cells in response to Epstein–
Barr virus infection in a patient with SCID-X-linked.
The first report of long-term coexistence of autologous
T cells and high levels of engraftment of haploidentical
maternal T cells was recently published (Cattaneo et al.
2013). In that study, analysis of the autologous cells
revealed a naive phenotype with a polyclonal repertoire
of proliferating and activated cells in vivo. The residual
function and the diversified repertoire of the autologous
cells contributed to the excellent clinical status of the
reported patient who had no obvious signs suggestive
of OS. Similarly, it was speculated by others that the
immunosuppressive effect of the maternal cells could
modify the clinical symptoms associated with GVHD
and cause them to be less severe than the skin mani-
festations characteristically observed in OS (Vaidya et al.
1991).

A major focus at our lab for the past few years has
been the investigation of SCID patients who present
with T cells (Amariglio et al. 2010). Our specific objec-
tive is to distinguish between the self-reactive cells of
OS and the alloreactive cells of transplacentally acquired
maternal T lymphocytes. We have previously shown
(Somech et al. 2009) that OS patients have oligoclonal
T cells with limited DNA recombination activity,
including the presence of early but not late T-cell
maturation events, regardless of the genetic defect
underlying the syndrome. Because these cells infiltrate
and expand in different organs (e.g., the skin), similar
clones can be detected in peripheral blood and the
affected organs. Moreover, the clonal expansions in OS
patients can respond differently to immunosuppressive
therapy; therefore, various treatments to eliminate these
clones might be required for different patients (Lev et al.
2012a). We used a TaqMan Low-Density array to show
that the transcriptional profile associated with OS fea-
tures is different from that of normal controls. There
were significant changes in 25.5% of the tested genes,
some of which are known to be closely involved with
self-tolerance and autoimmunity, specifically with
AIRE activity (Somech et al. 2009). To distinguish

between self-reactive cells and alloreactive maternally
engrafted cells, we compared OS patients with patients
with solely maternal cells. Various T-cell functions
such as the number of circulating CD3+ T cells, in vitro
responses to mitogens, the T-cell receptor (TCR) reper-
toire, TCR excision circles (TREC) levels, and the num-
ber of Tregs were used to investigate the immune status
of these patients (Lev et al. 2012b). All patients, regard-
less of the origin of their cells, exhibited poor T-cell
function, reduced thymic activity, and a restricted
TCR repertoire together with clonal expansion of cer-
tain TCRs. Interestingly, patients with transplacentally
acquired maternal T lymphocytes had less severe clonal
expansion and cell restriction in their circulating CD3+

cells compared with the “true” Omenn patients. They
also had a high fraction of functional circulating Tregs
that did not secrete either interferon γ or interleukin-2
cytokines following T-cell stimulation, suggesting their
ability to suppress autoimmunity. Based on these find-
ings, we suggested that the high-tolerance capacity
of the alloreactive transplacentally acquired maternal
lymphocytes represents a toleration advantage yet to
be associated with severe immunodeficiency. This may
explain the milder clinical presentation associated with
maternally engrafted cells in SCID patients in contrast
with the severe autoimmune manifestations associated
with OS. We therefore proposed that some of the
immunological parameters that we used can be applied
to selected immunodeficient patients who present with
residual T lymphocytes of different origins (see Table 1
in Lev et al. 2012b). However, our study was subject to
a major limitation inherent to the assessment of cells
from different patients. Therefore, the results could be
affected not only by the cell origin of each patient, but
also by their different genetic defects, their previous
antigen exposure, or their infectious status. Interest-
ingly, the currently accepted view is that self-reactive
cells in OS and transplacentally acquired maternal
T cells cannot occur concomitantly in the same patient.
This point was emphasized in a recent report that
defined the absence of maternal engraftment as one of
the OS criteria (Shearer et al. 2014). Indeed, none of
39 OS cases in which transplacentally acquired maternal
T cells were sought was positive for maternal chimerism
(Müller et al. 2001). We propose that coexisting autolo-
gous and maternal cells in patients exhibiting milder OS
symptoms may simply not have been detected and not
because they are mutually exclusive. Indeed, we recently
had the opportunity to evaluate an unusual case of an
immunodeficient SCID patient with mild OS who har-
bored a novel homozygous mutation in RAG1 (4-BP
DEL.1406 TTGC) (Lev et al. 2014). To define the
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patient’s circulating T cells, we first studied cell function
and thymic activity and found them to be severely
reduced. In addition, the repertoire diversity of both
TCR-Vb and TCR-Vg was, as expected, restricted and
clonal. Meticulous cytogenetic analysis of that patient’s
cells, however, revealed the concomitant presence of
autologous and maternal T cells, with 38% of the
patient’s lymphocytes being of maternal origin and the
rest being autologous. That patient’s cells could then
be distinguished from autologous cells owing to the
patient–mother HLA mismatch for HLA-B50 typing.
This made it possible for us to study the diversity
of TCR-Vβ and the numbers of circulating Tregs
(CD4+CD25+FOXP3+) in both cell populations, as
well as to compare them with normal values. In line
with our proposal, we found that: (i) the patient’s auto-
logous TCRs were more clonal and restricted than the
maternally engrafted T cells, and (ii) there were large
numbers of circulating Tregs in the maternally
engrafted T-cell population, whereas the patient’s auto-
logous T cells had no CD4+CD25+FOXP3+ expression
whatsoever (Lev et al. 2014). These findings support
our hypothesis that autologous and maternal cells can
coexist in SCID patients. Additionally, we believe that
maternal cells provide some degree of immunity and
prevent autoimmunity, although they still should be
considered as nonfunctional for protecting against
infections. We therefore consider that co-engraftment
of maternal cells could end up being associated with a
distinctly milder OS phenotype that could be more pre-
valent if it were sought. Further functional studies and
more widespread reporting of similar patients are
needed to confirm our hypothesis that transplacentally
acquired maternal T cells have a tolerance capacity.
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