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Transplacentally acquired maternal T lymphocytes in severe combined
immunodeficiency: a study of 121 patients

Susanna M. Miiller, Markus Ege, Annette Pottharst, Ansgar S. Schulz, Klaus Schwarz, and Wilhelm Friedrich

A study in 121 infants with severe com-
bined immunodeficiency (SCID) was per-
formed to determine the prevalence of an
engraftment by transplacentally acquired
maternal T cells and to explore clinical
and immunological findings related to
this abnormality. Each newly diagnosed
patient with SCID presenting with circulat-
ing T cells was evaluated for chimerism
by performing selective HLA typing of T
cells and non-T cells. In patients with
engraftment, maternal T cells were char-
acterized phenotypically and function-
ally, and results were correlated with clini-

cells were detected in the circulation in 48
patients; these cells ranged from fewer
than 100/ pL in 14 cases to more than
2000/l in 4 cases (median, 415/ pL). Clini-
cal signs of graft-versus-host disease
(GVHD) were absent in 29 patients. In the
other cases, manifestations of GVHD were
present, involving the skin and in 14
cases also the liver. Skin GVHD was mild
in 8 patients. In these patients, as well as
in patients with no signs of GVHD, mater-
nal T cells were predominantly CD8
with one exception, failed to respond to
mitogen stimulation. In 9 patients, mani-
festations of skin GVHD were prominent.

+and,

T cells in these cases were predominantly
CDA4* and responded, with one exception,
to mitogen stimulation. In 8 of the cases
with prominent skin GVHD, the underly-
ing SCID variant was characterized by the
absence of B cells. In this study, further
understanding is provided of a phenom-
enon that is responsible for the signifi-
cant heterogeneity of clinical and immu-
nological findings in SCID. (Blood. 2001;
98:1847-1851)
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cal findings in the patients. Maternal T

Introduction

Severe combined immunodeficiency (SCID) represents a genstimulation3#810 The basis of this unusual functional status of
cally heterogeneous disorder characterized by profound distergrafted maternal T cells remains largely undefined. Since it was
bances in lymphocyte development, usually resulting in compleddserved in patients both without and with GVHD, the variability
failure of T-cell maturation and the absence of T- and B-cetif GVHD manifestations induced by maternal T cells remains
functions! A repeatedly described abnormality in SCID patients ian enigma.

the presence of maternal T lymphocytes in the circulati®mhis In the study reported on here, we analyze, in a large cohort of
complication results from a prenatal or perinatal placental passgmatients with SCID, the prevalence and clinical and immunological
of maternal blood (maternal-fetal transfusion) and the failure iimdings of maternal T-cell engraftment and explore the basis of a
SCID patients to recognize and to reject foreign cells, allowingiarkedly variable presentation of this complication.

maternal T cells to persistently engraft. This unusual phenomenon

in SCID has a number of perplexing aspects. One is the inconsis-

tency of HLA-nonidentical maternal T cells to induce graft-versus-

host disease (GVHD). In a number of patients, this complicatiddatients and methods

was found to be completely absent, in spite of the presence of

substantial numbers of circulating maternal T cells, while in oth(l,?rat'ents

patients, mild or severe GVHD manifestations were presght.81° Between 1982 and 1999, a total of 121 infants were admitted to the
This inconsistency and variability of GVHD in patients engrafte@ediatric Hospital of the University of UIm with clinical and laboratory
with maternal T cells is in sharp contrast to the experience fimdings consistent with the diagnosis of SCID; these findings included
severely immunocompromised patients who receive transfusicifyerely depressed or absent T-cell immunity, hypogammaglobulinemia or

of nonirradiated blood products containing viable T cells. Undé@ammaglobulinemia, and a small or absent thymus by radiography or
those circumstances, GVHD has been noted to be a rapidly falﬂ%iasound. Thirty-one patients were diagnosed shortly after birth because
’ of positive family histories; in the remaining 90 patients, the mean age at

complication, owing mainly to fulminant liver and marrow failure. . . : )
| b f studi fted 1T cell d gjlragnoss was 5 months. Sixty percent of the patients were of German
nanumber of studies, engrafted maternal T cells were noted to in; the others were predominantly of Turkish background. In the latter

functionally defective, with complete failure to proliferate upon irbroup’ 90% of parents were consanguinous. Variants of SCID were
vitro stimulation with specific antigens, including the absence @ftermined on the basis of family history, patient's sex, and immunological
alloreactivity against patient-derived cells, and variable, usualjpd enzymatic findings, as well as molecular analysis identifying the
profoundly depressed, responses to mitogen-induced polyclonatierlying genetic defects.
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Identification of maternal lymphocytes Most patients with this latter variant also presented or developed

Laboratory evaluations in each patient included immunophenotyping t(")r}arkedly lncrealsed pa!pable Iymph nodeg, hepatosplgnomegaly,
blood mononuclear cells (MNCs). In patients with detectable T cells, V\%nd tPta' _aIOpeC'a' Cl'n'cal_ man'fe_Stat'ons in these patlent_s were
examined whether the cells originated from the patient or the mother. Fpdistinguishable from patients with Omenn syndrome without
this purpose, blood MNCs were separated to obtain cell fractions enrich@@ternal T cells. One patient presented at birth with a bullous
for T cells and for non—T cells, by means of either rosette formation witerythrodermia, without other signs of GVHD.

sheep red blood cells or, during the more recent period of the study, Another manifestation of GVHD, observed in 14 cases, was
anti-CD8 beads and anti-HLA-DR (Dynal, Hamburg, Germany) as preMiepatic disease. With the exception of one case, liver GVHD was
ously described:* The resulting cell fractions were separately HLA-typedglways associated with skin GVHD and consisted of mild to
by means of standard, complement-mediated cytotoxicity assays. Chimegfsderate elevation of liver enzymes without jaundice, except for 2
ism was further analyzed by flow cytometry by means of anti-human majgh ients who had severe cholestatic disease; in one patient, this was

histocompatibility complex (MHC) class I-specific mouse monoclon : . . . .
antibodies (One Lambda, Krefeld, Germany), allowing maternal and patiehte only GVHD manifestation. One patient with skin GVHD also

cells to be directly distinguished. These antibodies were combined w e;ented V_Vm_] a n'ephritis characterized histologi(?ally by -extensive
monoclonal antibodies directed against T cells, B cells, natural killer (NW€Mtubular infiltrations of T lymphocytes. In all patients, histomor-
cells, and monocytes for 2-color immunofluorescence as desdfifieds  Phological studies of skin and liver revealed findings of cell-
method also provided a fast and sensitive tool to detect engrafted T celldigdiated inflammatory reactions consistent with GVHD. Notably,
levels as low as 1%. Absolute T-cell numbers were calculated on the basidigtomorphological evidence of infiltrations correlated with the
differential white blood cell counts. prominence of clinical manifestations.

Other abnormalities related to GVHD involved the hematologi-
cal compartment, with eosinophilia in 16 patients and agranulocy-
tosis in 12 patients. In 6 of the latter patients, agranulocytosis was
T-cell functions were determined in vitro by measurfitgTdR incorpora  present at birth, consistent with the diagnosis of reticular dysgen-
tion after stimulation of blood MNCs with phytohemagglutinin (PHA) at 2Qesjs. The clinical presentation and immunological findings in these

rg/mL (PHA-P) (Difco Laboratories, Detroit, MI), anti-CD3 monoclonaljatter 6 patients will be presented in detail in a separate report (in
antibody (mAb) (OKT3) (Ortho Diagnostic System, Raritan, NY), '"ad"preparation).

ated allogeneic cells, and recall antigens as desctbdd. determine
cytokine synthesis, blood MNCs were incubated for 6 hours in the preserRevalence of engrafted maternal T cells
of phorbolmyristate acetate (PMA) (10 ng/mL), ionomycin (750 ng/mL)
(Sigma-Aldrich, Deisenhofen, Germany), and brefeldin A (L/mL) An analysis of the prevalence of maternal T-cell engraftment in
(Golgi-PlugR) (Pharmingen, Hamburg, Germany). Subsequently, cetlifferent variants of SCID, based on the total population of 121
were stained with an aniCD3 mAb, fixed with Cytofix/Cytopermr patients, is presented in Table 1. In patients with SCID character-
(Pharmingen), and incubated with antibodies directed against the followifgad by a complete absence of autologous T cells and either the
cytokines: interferory (IFN-vy), tumor necrosis factas-(TNF-), interleu-  gphsence or presence of variable numbers of B celts§BID and
kin-2 (IL-2) and IL-4, and the corresponding isotype control antibodieg + SCID), 16 of 26 patients (62%), and 26 of 52 patients (50%),
(Pharmingen), according to the instructions of the supplier. Analysis W?@spectively, were found to be engrafted. The highest prevalence
performed by flow cytometry. . . . . b
rate was observed in patients with reticular dysgenesis, as all 6
patients with reticular dysgenesis demonstrated maternal T-cell
engraftment. Maternal T cells were not observed in patients with
SCID caused by enzymatic deficiencies, which included 8 patients
with adenosine deaminase deficiency and 2 patients with purine
Detection of maternal lymphocyte chimerism in 48 patients nucleoside phosphorylase deficiency. In addition to MHC class I
deficiency (10 patients), other variants of SCID in which maternal
Within the total group of 121 SCID patients, 48 patients (40%jells were not observed were Omenn syndrome (9 patients), SCID
were found to have maternal T lymphocytes in the circulatioRjmilar to ZAP-70 deficiency with an absence of CD&lls but the

Maternal cells were noted only within the T-cell-enriched bloogresence of CD#4 T cells (5 patients), and undefined SCID with
MNCs. Restriction of engraftment to the T-cell compartment wagw numbers of host T cells (3 patients).

confirmed by directly investigating chimerism by means of 2-color
immunofluorescence. In these studies, which were performed in0ie 1. Prevalence of engraftment of maternal T cells in different severe
of the 48 cases, maternally derived B cells, NK cells, or monocytenbined immunodeficiency variants

Characterization of maternal T cells

Results

were not detected except in one case, in which NK cells were also Maternal T-cell

of maternal origin. The simultaneous presence of both maternal and Patients ___ engraftment

autologous T cells was never observed, with the sensitivity of this (no.) (no.) (%)

assay allowing an engraftment level as low as 1% to be detectedreticular dysgenesis 6 6 100
B~ SCID 26 16 62

Clinical presentation of patients with maternal T cells B* SCID 52 2 50

In 29 (60%) of the 48 patients, clinical manifestations of GVH@ADH?:/PCE::ﬁZ:E;Z’;C 18 8 g
were absent, while the other 19 patients presented with findings,,. syndrome Y 9 0 0
consistent with GVHD. Manifestations most commonly involved,con cps T cells 5 0 0
the skin and occurred in 2 main variants: a chronic eczematous SkiRer 7+ scip 3 0 0
rash that developed insidiously during the second or third month ABpatients 121 48 40

cases) and a severe dermatitis characterized by generalized exfolia- - — _ _
. hrod ia d lopi 2 t0 6 K ft birth SCID indicates severe combined immunodeficiency; ADA, adenosine deami-
tive erythrodermia developing 0 weeks arter bir anﬁ’ase; PNP, purine nucleoside phosphorylase; MHC, major histocompatibil-

persisting as a generalized, desquamatous dermatitis (9 patiemglmplex.



BLOOD, 15 SEPTEMBER 2001 - VOLUME 98, NUMBER 6 SCID AND MATERNAL FETAL TRANSFUSION 1849

We also analyzed whether the rate and severity of GVHD 5000
induced by maternal T cells differed in patients with distinct SCID 4500 .
variants. Interestingly, the severe variant of skin GVHD was 4000
observed almost exclusively in patients withr BCID (8 of 9 %500 -
cases) (Table 2). In contrast, the milder form, as characterized by =~ ** .
chronic eczema, was observed only in patients witt8&ID (8 of &  *%®
8 cases) but never in patients wittr BBCID. Thirteen of the 16 =~ 2% ‘
patients with B SCID were analyzed for mutations of RAG1 or 1800 * . ..
RAGZ2, and mutations were detected in 5 and excluded in the other ~ "*® . dem . .
8 cases. The proportion of patients with severe GVHD was 40% (2 500 . n -'_ o I
of 5) in the former and 63% (5 of 8) in the latter group. In 10 T T T T T T T
patients with B SCID, the disorder was caused by mutations in the age at study (months)

gene encoding the commarnchain, which was excluded in 9 otherrigure 1. Number of circulating maternal T cells and age at study in 48 patients

B+ SCID patients. The incidence of GVHD was similar in bothwith SCID. Patients were classified into 3 groups differing in their manifestation of
groups (3 of 10 versus 3 of 9). skin GVHD: group 1 had no manifestation; group 2 presented with chronic eczema;

. . and group 3 presented with severe exfoliative erythrodermia. @ indicates group 1; H,
We further analyzed a number of other variables and determing ?)2; gndpA, group 3. ’ oo

whether correlations with GVHD existed. These variables included

an analysis of HLAincompatibilities between patients and mothers, . he ti f th dv. The | iability | I
who as expected were in most instances (35 cases) fully hap’l)(gjl-t'ents at the time of the study. The largest variability in T-ce

mismatched for MHC class | and MHC class Il antigens, while i umbers \_Nas observed in group 1 patients without GVHD: in 14 of
13 patients partial matching or homozygosity of MHC class ese patients, T cells were extremely low (fewer than 100/

and/or class Il antigens of the nonshared haplotype were obser &yrer than 5% of blood MNCs}); in the other 15 patients in group 1,

We also analyzed the number of previous pregnancies in tﬁéce” numbers were higher, ranging from 130/to 2900LL

mothers, assuming the possibility of sensitization of maternal (Jfr]eQ|an, 65Q4L). In group 2 patients with mild skin GVHD, the
cells to paternally derived histocompatibility antigens expressed B dian T-cgll number was.4];ﬂl (range, 18Q4L to 800jL). In
patients. Furthermore, we analyzed infectious complications, incl oup 3 patients, the median _T—c?ell ngml_)er was 1itegfange,
ing cytomegalovirus and bacille Calmette-Gnerepresenting the 6_70/“L t0 43004sL). 'I_'hese_ flndlngs indicated a trend toward
most common systemic infections in the patients. We obtained H@her T-cell numbers in patients with more prominent GVHD, but

evidence that any of these variables were related to differencefiC Showed that in 'appro_xir_nately half Of_ the patients without
GVHD (data not shown). GVHD, T cells were in a similar range as in group 2 and group

3 patients.
Characterization of maternal T cells and correlation with GVHD We next assessed whether the maternal T cells in these patient

d wheth in th . f dg@roups differed with respect to phenotypical and functional charac-
We next assessed whether GVHD in the patients was reflected @yqiics These studies could not be performed in 16 group 1

differences |n.the numpers and the charac'Ferlstlcs of mater,nabgtients owing to their low T-cell numbers; this reduced the number
cells. From this analysis, we excluded 2 patients with exceptiongl analyzed patients in group 1 to 13 cases. A comparison of the
manifestations of GVHD not observed in the other patients (O'?ﬁlmberofCDct and CD8 T cells revealed striking differences. In
presenting as newborn with acute dermatitis, the other with iSOIatﬁgtients with prominent GVHD (group 3), we observed a predomi-
cholestatic liver disease at birth). Only data obtained prior to ”H?mce of CD4 cells. In contrast, both group 1 and group 2 patients
institution of immunosuppression were used in patients requirirgglowed, with the exception of 4 cases, a predominance of'CD8

such treatmenF. Patignts \(verfs' classified into 3 main gr.ougéus (Figure 2). A comparison of the functional properties of the
according to skin manifestations: group 14r9) had no GVHD; maternal T cells, as determined by proliferation to stimulation with

group 2 (n=8) had GVHD manifesting as chronic eczema; ang |4 'is shown in Figure 3. In group 1 and group 2 patients, these

group 3 (n=9) had GVHD characterized by severe dermatitismitogenic responses were severely depressed, with stimulatory

Maternal T cel_ls were detectable at highly varigble r_1umbers. Alﬁdices (SlIs) less than 20 in 18 of 19 patients. These findings were
demonstrated in Figure 1, there was no correlation with the aged?f‘ferent in 8 analyzed patients in group 3: T cells showed

significant proliferation to PHA (median SI, 86; range, 40-133),

Table 2. Graft-versus-host disease in B~ and B * severe combined
immunodeficient patients with maternal T cells

GVHD 10000
cb4  cD8 cD4 cos cD4 cpe
Patients None Mild Severe
B~ SCID 16 8 — 8 \
RAG 1/2 mutation 1000
Yes 5 3 — 2 3
K]
No 8 3 — 5 E
Not tested 3 2 — 1 "
B* SCID 26 17 8 1 100 \
Yc mutation ~
Yes 10 7 3 —
No 9 6 2 1 1
Not tested 7 4 3 — aroup aroup2 group 3
Data are given as number of patients. Figure 2. CD4 *+ and CD8* maternal T cells in 30 SCID patients with T cells at
GVHD indicates graft-versus-host disease; SCID, severe combined immunodefi-  levels exceeding 100/ L blood. Patients were classified into 3 groups as described

ciency. in Figure 1. Horizontal bars indicate median numbers in each group of patients.
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1000

S 2 L2 iz An unusual and previously undescribed outcome of a maternal-
fetal transfusion in SCID, as observed in one quarter of our

% -%- patients, was the presence of maternal T cells in the circulation at

100

very low levels: less than 100L. These patients were always
asymptomatic with respect to manifestations of GVHD. The
maternal T cells were increasingly recognized when very sensitive
methods were applied to evaluate chimerism, with the use of an
HLA-specific mAb for 2-colorimmunofluorescence in fluorescence-
activated cell sorter analysis. Of note, 7 patients with very low
T-cell numbers were older than 3 months, indicating that T cells in
Figure 3. In vitro proliferative responsiveness of engrafted maternal T cells. these .CaSES aCtua”y perssted at very low Ie\{els and, were not, as
T cells were stimulated with PHA alone or in the presence of exogenous IL-2. Patients ~ ON€ might speculate, in the process of expansion or disappearance.
were classified into 3 groups as described in Figure 1. Controls consisted of 10 |t should also be mentioned that the proportion of patients
healthy adults. Horizontal bars indicate median values. presenting microchimerism with maternal lymphocytes may in fact
be higher, as our findings suggest, since our method of detecting

although still lower as compared with responses observed _rppf;\ternal T cells in_ the blood was at the_ 1% Ieyel. It will be of
healthy adult controls (median S, 170; range, 120-210). Intere&iierestto prospectlvely analyze SCID patients with the use of even
ingly, addition of exogenous IL-2 resulted in augmented PHATIOre sensitive methods based on the detection of maternal cells by
induced T-cell proliferation in group 1 (median SI, 129; rangdMolecular techniques.
37-280) and to a lesser degree in group 2 patients (median SI, 17,8\We observed marked heterogeneity in the clinical presentation
range, 1-61). In contrast, PHA responses were, with one excepti6hpatients engrafted with maternal T cells. Frequently, this finding
not augmented by exogenous IL-2 in group 3 patients or in contrdkgS not associated with manifestations of GVHD. In fact, asymp-
(Figure 3). Similar data were observed following stimulation of fomatic patients constituted the majority in our series (60%). At
cells with an anti-CD3 mAb (OKT3) in the absence or presence Bfesent, the basis of this variable capacity of maternal T cells to
IL-2 (data not shown). Proliferative responses to recall antigel¥luce GVHD is poorly understood. The large database provided
and to allogeneic cells were absent in all cases except one, whyeour series of patients allowed us to assess whether the observed
maternal T cells responded normally to allogeneic cells in a mixé@riability in clinical presentation correlated with specific character-
lymphocyte reaction (data not shown). All together, these dalgfics of engrafted T cells, and indeed our analysis of T-cell
show that a significant mitogen-induced proliferation of maternal Subpopulations as well as of their functional characteristics re-
cells correlates with a high level of skin GVHD (group 3).vealed such correlations.
Moreover, the inverse correlation holds, with an association The mechanisms accounting for the selection of distinct sub-
between a low level of GVHD and low proliferation. groups of maternal T cells differing in phenotype and function and
Intracellular cytokines were determined in PMA/ionomycin-n their ability to induce clinical GVHD manifestations remain to
activated T cells in 15 patients (6 patients in group 1; 4 patients i¢ determined. T lymphocytes, particularly CDdells, become
group 2; and 5 patients in group 3). Production of IL-2, IFNand activated and proliferate in response to alloantigen exposure. Since
TNF-o was found to be highly variable, but these cytokines weifi@e fetal host, with very few exceptions, represents an HLA-haplo-
detected in T cells isolated from all patients in the 3 group#lentical environment for maternal T cells, this does not explain
Significant IL-4 cytokine synthesis was not observed in any of thghy the engrafted T cells induce such variable symptoms in the
patients. The cytokine profile observed in all studied patients thpatients. We also found no evidence indicating that the presence of
was representative of;I/Tc 1 (Tcl) but not F2/Tc2 cells. systemic infections, which may trigger additional T-cell activation
pathways, correlated with the development or severity of GVHD.
Alternatively, maternal T-cell responses may be restricted owing to
Discussion a limited number of transplacentally acquired cells, exhibiting a
narrowed receptor repertoire. Indeed, we and others previously
The human placenta forms an incomplete barrier for blood celigpserved restricted receptor repertoires of maternal T cells in
allowing bidirectional passage of nucleated blood célBy means several patient¥’!2 While these findings may be interpreted as
of sensitive methods, microchimerism by maternal cells wagdicating an extensive and selective expansion of a small subset of
observed in up to 42% of cord blood samples from healthyansplacentally acquired T cells, the mechanism triggering these
newbornsi415 While the survival of maternal cells is usuallycells to expand remains to be elucidated.
limited owing to effective rejection by an immunocompetent In patients without GVHD or with mild GVHD, regulatory
organism, in patients with SCID a well-known phenomenormechanisms may modify and suppress the proliferative properties
characterized by long-term engraftment of maternal T cells, resultd. transfused maternal T cells, whereas in the absence of these
In the present study, 40% of 121 SCID patients were found to haseppressive mechanisms or in the presence of additional stimula-
this abnormality. It is likely that maternal-fetal transfusions occuory mechanisms, maternal T cells, predominantly Ceélls,
even more frequently than these numbers suggest. This is impligdliferate and induce inflammatory reactions. It is of significant
by our findings in subgroups of patients with different variants dfiterest that in our study the group of patients with prominent
SCID, where we observed engraftment rates as high as 100%. T3¢HD was composed almost exclusively of patients with B
failure, on the other hand, to detect circulating maternal cells irariants of SCID. In patients with BSCID, NK-cell functions, as
SCID variants characterized by the presence of functionaltietermined by their cytotoxic activities against MHC class |-nega-
impaired autologous T cells and by enzymatic deficiencies altiwe cell lines, are usually normal. Thus, not only do functional NK
indicates that, in SCID, effective mechanisms may exist to prevertlls in B~ SCID fail to protect against engraftment of maternal T
engraftment of maternal cells. cells, but their presence was even associated with development of

stimulatory index

1

group 1 group 2 group 3 control
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severe inflammatory skin manifestations. This observation sutpe signaling pathway for survival, activation, and proliferation of
gests that components of the innate immune system in SCibaternal T cells, which also may be rendered silent in an
patients may affect the proliferative and functional activities dlloantigenic host.
engrafted T cells, a postulate that we are currently investigating.

Our study discloses a surprisingly broad range of clinical and
immunological findings in SCID engrafted with maternal T cells.
Clinically, it will be important to more closely evaluate theAcknowIedgment
significance of this abnormality for the treatment of SCID, in
particular for the outcome of a stem cell transplantation. From tiée authors thank Naomi Taylor for critical comments and
immunological standpoint, it seems most interesting to understavaluable discussions during preparation of the manuscript.
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