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Blood T cells as well as those infiltrating the skin and gut were found to express activation markers and were partially
activated by mitogens but not by antigens. Although the lesions resembled those in graft-versus-host disease, the blood T
cells were shown by DNA haplotype analysis using probes revealing variable number of tandem repeats to belong to the
patients as well as the T cells infiltrating the gut and skin in one patient. A given T cell subset (TCR alpha beta+,
CD4+/CD8+, or TCR gamma delta+) was predominant in each patient, with a specific distribution in the skin lesions.
Moreover, the study of T cell receptor beta, gamma, and delta gene rearrangements in four patients revealed
oligoclonality involving C beta 1, C beta 2, or different V. gamma J gamma or V delta J delta genes. This indicates that
restricted heterogeneity of the T cell repertoire, previously reported in one case, is a major feature of this syndrome. The
occurrence of alymphocytosis-type severe combined immunodeficiency in the brother of one of the patients [...]

Find the latest version:

https://jci.me/115139/pdf



http://www.jci.org
http://www.jci.org/87/4?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI115139
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/115139/pdf
https://jci.me/115139/pdf?utm_content=qrcode

Restricted Heterogeneity of T Lymphocytes in Combined Immunodeficiency
with Hypereosinophilia (Omenn’s Syndrome)

Geneviéve de Saint-Basile,* Francoise Le Deist,* Jean-Pierre de Villartay,* Nadine Cerf-Bensussan,*
Odile Journet,* Nicole Brousse,* Claude Griscelli,* and Alain Fischer*

*Institut National de la Santé et de la Recherche Médicale, U 132, and *Pathology Department,

Hépital Necker-Enfants Malades, 149, rue de Sévres, 75743 Paris Cedex 15, France

Abstract

We report the immunological characteristics of five patients
with Omenn’s syndrome, a rare inherited immunodeficiency
also known as combined immunodeficiency with hypereosino-
philia. The syndrome is characterized by T cell infiltration of
skin, gut, liver, and spleen leading to diffuse erythroderma,
protracted diarrhea, failure to thrive, and hepatosplenomegaly.
Blood T cells as well as those infiltrating the skin and gut were
found to express activation markers and were partially acti-
vated by mitogens but not by antigens. Although the lesions
resembled those in graft-versus-host disease, the blood T cells
were shown by DNA haplotype analysis using probes revealing
variable number of tandem repeats to belong to the patients as
well as the T cells infiltrating the gut and skin in one patient. A
given T cell subset (TCRaS*, CD4*/CD8*, or TCRY5") was
predominant in each patient, with a specific distribution in the
skin lesions. Moreover, the study of T cell receptor 8, v, and
gene rearrangements in four patients revealed oligoclonality
involving C81, CB82, or different VyJv or V3Jé genes. This
indicates that restricted heterogeneity of the T cell repertoire,
previously reported in one case, is a major feature of this syn-
drome. The occurrence of alymphocytosis-type severe com-
bined immunodeficiency in the brother of one of the patients
suggests that the restricted heterogeneity of T cell receptor
gene usage in Omenn’s syndrome may arise from leakiness,
within the context of a genetically determined faulty T cell dif-
ferentiation. (J. Clin. Invest. 87:1352-1359.) Key words: T cell
activation T cell receptor « graft-versus-host reaction

Introduction

Omenn’s syndrome or combined immunodeficiency with hy-
pereosinophilia is characterized by the early occurrence of dif-
fuse erythroderma, hepatosplenomegaly, protracted diarrhea,
and failure to thrive (1-8). A large number of poorly functional
T cells and eosinophils are present in the blood and infiltrate
the skin, gut, liver, and spleen (5-8). In contrast, the lymph
nodes and thymus are profoundly depleted of lymphocytes. As
the lesions are very similar to those observed in graft-versus-
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host disease (GVHD)' (5-8) it has been proposed that GVHD
is causal, but this has not been substantiated by the detection of
foreign T lymphocytes (5-9). The autosomal recessive in-
herited nature of the syndrome strongly suggests that it is a
primary immunodeficiency (1). Wirt et al. have recently re-
ported a large number of T cells of the CD4(—), CD8(—) af T
cell receptor (TCR) subset in a patient with this syndrome. The
T cells were oligoclonal, as demonstrated by the presence of
discrete bands of the CB8 T cell receptor genes (9).

In this study we investigated the immunological character-
istics of five patients with typical features of Omenn’s syn-
drome. The T cells in each patient belonged to one predomi-
nant subset and displayed a restricted use of either a8 or 76T
cell receptor genes, suggesting that T cell oligoclonality is a
hallmark of the syndrome.

Methods

Case reports. Five patients with a diagnosis of Omenn’s syndrome were
studied. Two were born of consanguineous parents (cases 1 and 2).
Patients 1, 3, and 4 were single family cases, while a brother and a sister
of patient 2 had died with the same syndrome and a brother of patient 5
had died with typical alymphocytosis-type severe combined immuno-
deficiency (SCID) (Fig. 1). The first manifestations appeared between 1
d and 2 mo of age and were characterized by diffuse erythroderma
associated with pachyderma and alopecia of the scalp and eyebrows.
Hepatosplenomegaly and lymph node enlargement were present in all
but one case.

Repeated bacterial and fungal infections and severe diarrhea result-
ing in failure to thrive were a common feature. Patient 2 died at 1 mo of
age of a lung infection and patient 5 died at 1 yr from pneumonitis. The
other three patients underwent bone marrow transplantation that was
successful in two cases (3 and 4).

Biological investigations revealed hypereosinophilia and major im-
munological disorders. Serum IgG, IgM, and IgA levels were low while
IgE levels were elevated in the four patients tested.

Cell isolation. Peripheral blood mononuclear cells (PBMC) were
isolated from freshly drawn heparinized blood by means of Ficoll Hy-
paque (Pharmacia Fine Chemicals, Uppsala, Sweden) density centrifu-
gation.

Surface marker analysis. The following MAbs were used: anti-CD1
(10T6; Immunotech, Marseille, France); anti-CD3:Leu4 (Ig2a) (Becton
Dickinson & Co., Mountain View, CA); anti-T cell receptor
B8:BMAO031 (IgG1) (Behring Werke, Marburg, Germany); SF1 (a gift
from Dr. M. Brenner, Dana Farber Cancer Institute, Boston, MA);
anti-T cell receptor 5: TCRé1 (IgG1) (T Cell Sciences, Cambridge, MA);
anti-Vé1 J81:6TCS1 (IgG1) (T cell Sciences); anti-Vy9 (TiyA); anti-
V62 (kindly provided by T. Hercend, IGR, Villejuif, France) (10); anti-
CD2:Leu5b (IgG2a) (Becton Dickinson); anti-CD4: Leu3a (IgG1)
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1. Abbreviations used in this paper: GVHD, graft-versus-host disease;
NK, natural killer; PCR, polymerase chain reaction; PE, phycoer-
ythrin; SCID, severe combined immunodeficiency; TCR, T cell recep-
tor; VNTR, variable number terminal repeats.



Figure 1. Pedigree of a
child (II1) with
Omenn’s syndrome.
Note the presence in the
same family of a child
with alymphocytosis-
type SCID (113). The re-
spective lymphocyte
/mm” populations are re-

.00 ported for each sibling.
2% oMale; o female. ND,
.00 not done.

(Becton Dickinson); anti-CD8:Leu2a (IgG1) (Becton Dickinson); anti-
CDS56:Leul9 (IgGl) (Becton Dickinson); anti-CD45RO:UCHLI1
(IgG2a) (kindly provided by P. Beverley, ICRF, London, UK); anti-
CD45RA:2H4 (IgG1) (Coulter Clone, Margency, France); anti-
CD29:4B4 (IgG1) (Coulter Clone); anti-HLA class II-DR:(IgG2a)
(Becton Dickinson); anti-CD25:RIL2 (IgG1) (Becton Dickinson); anti-
membrane IgM (Nordic Immunology, Tilburg, The Netherlands);
anti-4F2 (11) (kindly provided by M. L. Gougeon, Pasteur Institute,
Paris, France); anti-CD71 (IgG1) (Immunotech).

Immunocytochemistry on isolated cells. Direct fluorescence stain-
ing was performed using phycoerythrin (PE)- or FITC-conjugated
monoclonal antibodies. An FITC-conjugated goat anti-mouse Ig (Nor-
dic) was used for indirect immunofluorescence. The analysis was per-
formed using a FACS® STAR PLUS (Becton Dickinson).

Immunohistochemistry. Biopsy specimens were snap-frozen in iso-
pentane, cooled in liquid nitrogen, and stored at —70°C. A three-step
indirect immunoperoxidase technique (12) was applied to serial cryo-
stat sections to reveal surface staining of lymphocytes by the various
MAbs.

Cell cultures. Proliferative assays were performed as described else-
where (13). Briefly, PBMC were stimulated either for 3 d by mitogens
or for 6 d by antigens and allogeneic cells. Anti-CD3, anti-CD2, PHA
(Difco Laboratories, Inc., Detroit, MI; final dilution 1/700), and the
association of phorbol myristate acetate (PMA) (Sigma Chemical Co.,
St. Louis, MO) and ionomycine (Calbiochem-Behring Corp., San
Diego, CA) were used as mitogens. Antigen-specific T cell proliferation
was induced by tetanus toxoid (Pasteur Institute, Marne La Coquette,
France) or candidin (Pasteur Institute; final dilution 1/250).

DNA analysis. Total genomic DNA was extracted from E-rosette
positive peripheral blood cells and polymorphonuclear cells (14). 10 ug
was digested to completion with selected restriction endonucleases
(EcoRI, HindIll, Xbal, Kpnl). The restriction fragments were size-
fractionated by electrophoresis on 0.9% agarose gels and blotted onto
nylon filters (Hybond N*; Amersham, les Ulis, France) in 0.4 M
NaOH. The filters were screened using a 770-bp cDNA Tg constant
region (15), the Jy1 probe (pH60) (16) and the J51 probe (17). The
probes were radioactively labeled using a random primed kit
(Boehringer Mannheim GmbH, Mannheim, Germany) and the filters
were hybridized in 50% formamide at 42°C. The ¢ probe recognizes
61 and B2 constant regions of the TCR and their rearrangement can be
observed with EcoRI and HindIII digests, respectively. The same DNA
digests showed rearrangement of Jy1 and Jy2 (18), while the Kpnl
digest was used to study the additional JYP, JyP1, and JyP2 secgments
(19). Finally, Xbal digests were used to detect  chain rearrangements
and to identify the rearranged V genes by the size of the rearranged
restriction fragments (17).

Possible maternal cell engraftment was tested by two methods: phe-
notype of the patients circulating T cells was determined with the hy-
pervariable marker M278 by reprobing the HindIII DNA digest used
for TCR analysis in comparison to HindIII DNA digest prepared from

the whole blood cells of their respective mothers. The M273 probe
revealed a variable number of tandem repeats (VNTR) at the DXS255
locus with a heterozygote > 90% (20).

Search for infiltration by maternal lymphocytes of gut and skin of
patient 3 was performed on DNA isolated from frozen serial cryostat
sections as follows: 10 4-um section cuts were placed in a 1.5-ml Ep-
pendorf tube in the presence of 200 ul of solution containing 8 M urea,
2% SDS, 0.01 M EDTA, 0.3 M NaCl, and 0.01 M Tris (pH:8). Protein-
ase K (100 pg/ml) was added and incubation performed during 16 h at
37°C. Following phenol and chloroform extraction, the DNA was pre-
cipitated and the pellet redissolved in 10 ul of Tris EDTA (10:1). Poly-
merase chain reaction (PCR) was performed on 1 ul of the DNA prepa-
ration using the primers MX57 and MZ68 at the D9S15 locus as
previously described (21). One tenth of each reaction mixture was ana-
lyzed on an 8% polyacrylamide/8 M urea sequencing gel.

Results

The number of patients’ blood T cells was always high (Table I)
and phenotype studies of these cells revealed several remark-
able features. A given T cell subset predominated in every case:
the CD8* TCRaS"* subset accounted for the majority of blood
T cells in four patients and the CD4* TCRag* subset in one. In
patient 3, there was a marked increase in y8* T cells. Two-color
flow cytometry (Fig. 2) revealed that most v6* T cells from this
patient expressed CD8 while a minority expressed neither CD8
nor CD4. Using anti-Vé and Vy-specific MAbs, it was found
that all v6* T cells were labeled by an anti-V41-J81 antibody
(6TCS1), while anti-V49 and anti-Vé2 did not bind to yé* T
cells (data not shown). In contrast, the percentage of v6* T cells
in the other thrée patients studied was very low (Table I).

As shown in Table II, a high proportion of the patients’ T
cells expressed activation antigens, especially HLA class II mol-
ecules and 4F2 (except in patient 1). An increased level of
CD71 was also detected in three cases and CD25 T cells were
present in one patient. Conversely, a high proportion of the
patients’ T cells expressed markers of memory T cells
(CD45RO and CD29). This was particularly remarkable in
these very young children.

As shown in Table III, anti-CD2 antibodies-induced prolif-
eration was negative in all patients while PMA-ionomycine
association induced a normal lymphocyte proliferation. Anti-

Table I. Immunofluorescence Phenotypic Analysis
of the Peripheral Blood Lymphocyte Population
of Five Patients with Omenn’s Syndrome

Percentage of positive cells

Patients
Age-matched

Antigens tested 1 2 3 4 5 normal values
CD2 97 93 96 94 ND 60-80
CD3 81 81 87 89 74 50-80
CD4 29 37 27 85 30 35-50
CD8 54 45 37 5 30 15-20
TCR alpha beta 81 84 51 90 ND 50-80
TCR delta 0 2 35 2 ND 1-5
CD3+ (CD4™ CD8") 0 2 24 ND ND 0-2
Surface Ig 0 1 0 2 0 2-15
CD56 11 15 6 ND ND 1-10
ND, not done.

Monoclonal T Cell Population in Immunodeficiency ~ 1353
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Figure 2. TCR, CD4, and CD8 ex-
pression (double immunofluores-
cence) on T lymphocytes of patient
3. TCRaf, TCR«vé, CD4, and CD8
were tested, respectively, with

" FITC-conjugated BMAO31, FITC-
conjugated TCR 6 1, PE-conju-
gated Leu3a, and PE-conjugated
Leu2a. Fluorescence intensity is
expressed in log scale. The fluores-
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CD3 and PHA-induced proliferations varied from patient to
patient. In contrast, antigen-induced responses were always ab-
sent.

Few or no surface Ig-positive cells were found in the blood
of the five patients (Table I). Natural killer (NK) cell counts

Table I1. Immunofluorescence Analysis of the Activation Antigens
Expressed by CD3* Lymphocytes of Four Patients
with Omenn’s Syndrome

Percentage of positive cells
Patients
Age-matched

Antigens tested 1 2 3 4 normal values

4F2 0 ND 79 97 0-5

CD71 0 15 16 10 0-5

CD25 5 37 5 0 0-2

HLA-DR 30 51 85 57 0-2

CD29 ND 98 57 85 10-40

CD45RO ND 80 50 73 10-40

CD45RA ND 24 55 8 50-90
ND, not done.
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(CD56) and NK cytotoxicity (data not shown) were within the
normal range.

Skin biopsies performed in three patients (2, 3, and 4)
showed lymphocytic infiltration that involved dermis and, to a
lesser extent, epidermis. Keratinocyte lesions were seen near
areas of T cell infiltration. The keratinocytes were strongly
HLA-DR(+). However, in contrast to typical GVHD skin alter-
ations, CD1(+) Langerhans cells were present in the epidermis.
Lymphocytes were CD3(+), HLA DR*, and for a small num-
ber of them, CD25". In patients 2 and 4, CD3" cells were
mainly BF1* and only occasional TCRé&1* cells were seen
within the epidermis. In patient 3, the epidermis was infiltrated
by both BF1* and TCR31* 8TCS1* cells, while only TCRaS* T
cells were present in the dermis (Fig. 3, C and D). In the gut, the
T cells detected in the lamina propria belonged to the
TCRapB(+) subset, while most intraepithelial T lymphocytes
were v (+) V61Jé1 (+) (Fig. 3, 4 and B).

Patients’ T cell populations, either circulating or infiltrating
the skin and the gut, were shown not to contain maternal cells,
ruling out the etiology of maternal engraftment in the manifes-
tation of Omenn’s syndrome. Neither HLA typing and/or car-
yotyping (data not shown), nor DNA haplotype analysis using
a VNTR probe of the X chromosome revealed the presence of
the maternal haplotype. Results obtained on circulating T cells



Table I1I. Functional Analysis of the Lymphocyte Population of Two Patients with Omenn’s Syndrome

Patients

Age-matched
1 2 3 4 normal values
T lymphocytes /ul 6,300+1,200 7,400+1,100 7,400+1,300 6,500+800 1,800+500
Mitogen-induced proliferation® (cpm X 107%)
Medium 1.5+0.4 2.0+0.2 2.0+0.1 2.0+0.3 0.8+0.3
Phytohemagglutinin 4613 24+10.0 4.0+0.0 83.0+24.0 126.0+37.0
OKT3 (50 ng/ml) 20+6.3 15x1.7 10.0+3.0 9.0+3.0 36.0+23.0
Anti-CD2 antibodies 11+4.5 1+0.2 1.0+0.1 1.5+0.5 110.0+55.0
PMA-ionomycine ND 45+11.5 ND 102.0+8.0 168.0+62.0
Antigen-induced proliferation* (com X 1073)
Medium 1.5+0.6 ND 0.8+0.2 2.0+0.3 1.2+0.6
Tetanus toxoid ND ND 1.0+0.1 1.0+0.1 34.0+21.6
Candida antigens 2.0+0.3 ND 1.0+0.1 1.0£0.0 35.0+17.4
Streptococcal antigens ND ND ND 1.0+0.1 11.0+£3.0
Influenza virus ND ND ND 1.00.1 15.0+£25.0
5.0+0.7 ND 1.8+0.2 2.0+0.3 35.0+17.4

Allogeneic cells

* Mitogen proliferation was performed during 3 d. Results are mean of triplicate values+1 SD. * Antigen proliferation was performed during 6 d.

ND, not done.

of patients 3 and 4 compared with their mothers’ are reported
in Fig. 4 A. Only one of the two maternal alleles were detected
" in the T cell population of the respective child. Patient 4, who is
a boy, presented a unique allele. Similar results were obtained
for patients 1 and 2 (data not shown). Maternal origin of cells
infiltrating the tissues of patient 3 was similarly eliminated,
since amplification of a polymorphic tandem repeat on the
DNA isolated from the skin and the gut of this patient, com-
pared with the one performed on the DNA of her mother and
father, revealed the presence of only the patient’s haplotype
(Fig. 4 B).

Because of the peculiar T cell phenotypes found in the
blood and tissues, we studied the rearrangement of the T cell
receptor genes in order to detect possible limitation in TCR
rearrangements. T cells from the four patients studied showed
discrete nongermline band rearrangements with the C8 probe
and/or Jy1 and J&1 probes (Table IV). TCR gene rearrange-
ment could not be studied in patient 5 as the relevant tech-
niques were unavailable. As shown in Fig. 5 4 (patient 4) the
Cf1 and CB2 germline bands have nearly disappeared, indicat-
ing that the CS1 chain TCR gene is deleted in the majority of
the peripheral T cells, whereas the C82 locus is rearranged.
Four nongermline bands of two different intensities were re-
vealed by the Cg (Fig. 5 A4, arrows) and Jy1 probes (Fig. 5 B,
arrows), while J6 genes appeared to be totally deleted (Fig. 6).
These results indicate that in this patient, the major part of the
T cell population is restrained within two to four clones with
rearranged a (deletion of J§), CA2, and ¥ TCR genes. In patient
3, analysis of the TCR gene rearrangements revealed two non-
germline bands, one corresponding to a C82 gene rearrange-
ment (Fig. 5 4) and the other being a V51 to J51 rearrangement
(Fig. 6). The Jy rearrangements were analyzed with EcoRlI,
HindIII, and Kpnl digests. The Kpnl digest only revealed the
presence of a single Jp1vy gene rearrangement, with the absence
of all other Jy rearrangements normally found in polyclonal T

cell populations (18) (Fig. 5 B). Discrete nongermline bands
were also found in the other two patients. Patient 1 showed a
clonal rearrangement of the 81, 82, and y-chain genes, asso-
ciated with a deletion of the é gene. Patient 2 presented a non-
germline band of very low intensity on C81 and V§2-J61 chain
genes and a restriction of the vy gene rearrangement on VvI or
III, J1, or J2 gene with the Kpnl digest (data not shown).

Discussion

Omenn’s syndrome is a genetic disorder with recessive autoso-
mal inheritance (1-9), characterized by lymphocytic infiltra-
tion of the skin, gut, liver, and spleen, leading to erythroderma
and protracted diarrhea with failure to thrive. Blood T lympho-
cyte and eosinophil numbers are high, but there is marked
lymphocyte depletion in the thymus and lymphoid tissues (1-
9). The syndrome is clearly due to an intrinsic defect of the
lymphocyte lineage since it is curable by bone marrow trans-
plantation (22). We have further characterized the immunologi-
cal abnormalities in Omenn’s syndrome by studying five pa-
tients with typical features. Elevated numbers of T cells were
found in the blood, skin, and gut, some of which had pheno-
type of activated T cells. The T cells could be activated to some
extent by mitogens but not by antigens. A given subset of T
lymphocytes (TCRaB* CD4*, af* CD8*, or v6*) represented
the majority of the blood T cells in each patient. It is interesting
that all the ¥6(+) T cells whether CD8* or CD8" in patient 3
expressed the same Vé1 Jé1 products by immunofluorescence,
a phenotype that is normally expressed only by a minority of yé
T cells (10). Tissue lesions in this patient were infiltrated either
by TCRapB(+) or TCRvyd(+) T cells, depending on the location
in the tissue (epidermis versus dermis, lamina propria versus
epithelium). Circulating T cell population of these patients as
well as those infiltrating skin and gut of patient 3 were shown

Monoclonal T Cell Population in Immunodeficiency ~ 1355
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Figure 4. Haplotype analysis of DNA isolated from different tissues of
patients with Omenn’s syndrome. (4) Polymorphic patterns were
detected on Southern blot prepared with DNA isolated from the cir-
culating T cells of patients with Omenn’s syndrome and their mothers
using the M278 probe at the DXS255 locus. (B) Polymorphic pattern
detected at the D9S15 locus on DNA isolated from blood T cells, skin,
and gut of patient 3 compared to paternal and maternal haplotypes.
The polymorphism was analyzed by polymerase chain reaction using
a single end-labeled primer.

not to contain maternal cells since neither HLA typing, caryo-
typing, nor DNA haplotype analysis revealed the presence of
maternal elements. TCR gene rearrangement analysis revealed
the presence of several clones in the four patients analyzed. The
proportion of each clone in the T cell population was difficult
to assess except in patient 4 where two to four TCRg-
rearranged clones represented the majority of his peripheral T
cell population. In patient 3, the high proportion of Vé1 J51
rearrangement observed, was in accordance with the large sub-
set of CD3 6 T cells that was also revealed by the anti-Vé1 J51
monoclonal antibody. This patient also displayed a 82 clonal

rearrangement. As Southern analysis only reveals clonal

rearrangements corresponding to at least 5% of the total DNA,
other undetectable clones may be present in the T cell popula-

Table IV. TCR Gene Rearrangement Analysis of the T
Lymphocyte Population of Four Patients with Omenn’s Syndrome

TCR Number of nongermline bands

Patients
1 2 3 4
Cp1 1 1 0 0
CB2 1 0 1 4
Jy 1 1 1 4
Jo 0 1 1 0

tion of these children. This phenotypic and molecular analysis
strongly suggests that the T lymphocyte population in patients
with Omenn’s syndrome corresponds to the clonal expansion
of T cells with a limited repertoire. Very similar findings have
been reported in another patient with this syndrome (9). Most
of the patient’s T cells belonged to a given T cell subset, i.c.,
CD4(—) CD8(—) TCRaf(+), and discrete bands of rearranged
CB1 were detected (9). It is noteworthy that (a) the T cell sub-
sets in each patient used different rearranged C8 and/or VvJvy,
VéJ6 gene elements and (b) the degree of oligoclonality varied
from patient to patient. This shows that the syndrome does not
cause preferential use of a limited number of clones of a given
T cell subset and suggests anomalies of variable extents in the T
cell repertoire.

Oligoclonal expression of T cells that show random
rearrangement and expression of TCR chain genes have been
described in two murine immunodeficiencies, nude mice (23)
and SCID mice (24). In both situations, T cells that develop
with age display an oligoclonal repertoire. In SCID mice, the
defect in the immunoglobulin and TCR gene rearrangement
process (25) is responsible for the lymphocyte deprivation.
However, with age, most SCID mice develop mature “leaky”
lymphocytes with a restricted heterogeneity of normally
rearranged T and B antigen receptors (26). In nude mice, early
occurrence of y6(+) T cells with restricted heterogeneity has
been described, followed later by aB(+) oligoclonal T cells (27).

The occurrence in the same family of alymphocytosis-type
SCID and Omenn’s syndrome strongly suggests that the two
conditions correspond to different expressions of the same de-
fect, although the oligoclonality of the T cells was not proven in
the patient with Omenn’s syndrome. It therefore appears that
Omenn’s syndrome may correspond to the emergence of a lim-
ited number of leaky T cell clones within the context of SCID-
type defective T cell differentiation.

This putative leakiness may have two causes. As in the nude
model, limited extrathymic T cell differentiation may occur,
especially in the vicinity of epithelial tissue, e.g., in the skin and
gut. This hypothesis is supported by the absence of T cell differ-
entiation in the thymus of the patients (5-8). Another explana-

Figure 3. Immunoperoxidase staining of skin and gut with anti-TCR monoclonal antibodies (X250). In the intestinal small biopsy of patient 3
TCR 1 (anti-TCRy5) MAb revealed most intraepithelial lymphocytes and only occasional cells in lamina propria (4). Conversely, SF1 (anti-
TCRap) revealed most lamina propria T cells and only a small number of intraepithelial lymphocytes (B). In skin biopsy, TCR41 stained a small
number of scattered intraepidermal T cells but almost no cells in the dermis (C). In contrast, SF1 labeled both scattered intraepidermal and
marked dermal T cells infiltrate (D). The cluster of SF1* cells in the middle is located in a dermal papilla.

Monoclonal T Cell Population in Immunodeficiency =~ 1357
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Figure 5. Southern hybridization of Cg8 (4) and Jy (pH60) (B) probes
to HindlIlIl, Xbal, or Kpnl-digested DNA from T cells of patients 3
and 4, nonlymphoid cells (GL), or normal peripheral blood mono-
nuclear cells (PBMC). Germline band, —; nongermline band, ». The
sizes of the rearrangements and their assignment observed in Kpn1
digested normal PBMC hybridized with pH60 are indicated (from 19).

tion is based on the possibility that the activated T cells present
in the blood and epithelial tissues are directed against self (epi-
thelial) antigens and are therefore expanded. This hypothesis
may account for the GVHD-like lesions found in the skin, as
well as cytotoxic T cell capacity (9) and localization. Such au-
toimmune clones of restricted heterogeneity could have
escaped negative selection in the thymus (28) because of faulty
differentiation. The hypothesis is being tested by the study of
skin- and gut-infiltrating T cell reactivity. This situation is remi-
niscent of the presence of proliferative autoreactive T cells
found in autoimmune immunodeficient mice bearing lympho-
proliferative and generalized lymphoproliferative disease mu-
tations (29, 30). Such animals only express a limited T cell
repertoire, due to the use of a limited number of T cell receptor
genes (31).

Thus, any cause of defective T cell differentiation such as
abnormal T cell receptor gene rearrangements found in SCID
mice (25) might provoke the syndrome. Since the syndrome is
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Figure 6. Southern hybridization with the J51 probe on Xbal-digested
DNA from T cells of patients 3 and 4 and normal thymus (Thy).
Assignment of the germline band and of the rearrangements observed
in the thymus is given on the light (from 17). —, germline band; «,
nongermline band.

curable by bone marrow transplantation, intrinsic (25) rather
than environmental defects (23) have to be considered.
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