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-LINKED severe combined immunodefi-

ciency is a recessive hereditary disease charac-

terized by severe and persistent infections
starting in the first months of life and associated
with diarrhea and failure to thrive.! Affected infants
almost invariably present with an absence of T cells
and natural killer cells, normal or elevated B-cell
counts, and hypogammaglobulinemia. This disease
is rapidly fatal without bone marrow transplanta-
tion.?

The disease locus has been mapped to Xql2-132
and the genetic defect identified as a mutation of the
v chain of the interleukin-2 receptor,* which has
been cloned and was recently renamed the common
v (7yc) chain because of its association with cytokine
receptors for interleukin-4, 7, 9, and 15.512 Thus, the
early lymphoid progenitor cells in patients with
X-linked combined immunodeficiency are unable to
respond to the cytokine signals that are crucial for
the normal development of T cells and late-stage
B cells.

A number of different point mutations and dele-
tions have been described in patients with typical
X-linked severe combined immunodeficiency. An at-
tenuated phenotype was observed in a patient with
a splice-site mutation resulting in diminished expres-
sion of the yc chain and in another patient with a
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point mutation in the intracytoplasmic domain of
the yc gene 1314

We describe a boy in whom X-linked severe com-
bined immunodeficiency was diagnosed at one year
of age on the basis of family history, clinical symp-
toms, and evidence of a genetic defect in the yc gene
in B-cell lines derived from his peripheral blood.
The unusual finding of low-to-normal numbers of
T cells, attenuated proliferative responses to anti-
gens and mitogens, and a positive skin test for puri-
fied protein derivative led to further genetic analysis
that showed normal expression of the yc chain and
an absence of the yc gene mutation in the patient’s
T cells. Reversion of the mutation in early T-cell
precursors in this patient resulted in subnormal de-
velopment of peripheral T cells. Partial reversion of
the mutation may thus occur in lymphocyte progen-
itors and produce an atypical severe combined im-
munodeficiency with partially functional lympho-
cyte clones.

CASE REPORT

A male infant was born to a 32-year-old woman after an un-
complicated pregnancy and normal vaginal delivery. There was no
history of consanguinity in the family, and his two older sisters
were healthy. One maternal uncle and a maternal granduncle had
died of pneumonia at the respective ages of four months and six
months. Vaccination with bacille Calmette—Guérin was performed
at two weeks of age. At six months of age the patient was hospi-
talized for severe interstitial pneumonia. At one year of age he was
referred to our hospital for suspected immunodeficiency. Physical
examination revealed no signs of graft-versus-host disease and no
abnormalities except for a large abscess in the left lumbar region.
Examination of the drainage fluid revealed acid-fast bacilli with
genetic evidence of bacille Calmette—Guérin.

At diagnosis at 12 months of age, immunologic investigations
showed a normal number of T cells (1200 per cubic millimeter),
a high B-cell count (2400 per cubic millimeter), and hypogam-
maglobulinemia (IgG, 1.9 g per liter; IgM, 0.6 g per liter; and
undetectable levels of IgA) with no detectable specific antibody
responses. The T-cell responses in vitro are shown in Table 1. The
patient’s reaction to purified protein derivative was strongly pos-
itive. HLA typing and karyotyping of peripheral-blood mononu-
clear cells showed no evidence of maternal engraftment.

The abscess was drained and successfully treated by a regimen
of three antituberculosis drugs. Over the following two years the
patient had no further infectious complications. As of this writ-
ing, he has been living at home in good health for 12 months.
He continues to receive isoniazid and trimethoprim—sulfamethox-
azole (co-trimoxazole) prophylaxis as well as monthly infusions of
immune globulin.

METHODS

Flow Cytometry

Flow cytometry was performed according to standard protocols
with a FACScan flow cytometer (Becton Dickinson, San Diego,
Calif.). The following monoclonal antibodies were used: anti-
CD2, anti-CD3, anti-CD4, anti-CD8, anti-CD16, anti-HLA-DR,
anti-CD20, anti-CD56, and anti-CD14 (all from Becton Dickin-
son) and anti-VB2, anti-VB3, anti-VB8, anti-VB13.6, anti-VB17,
and anti-VB21 (all from Immunotech, Marseille, France). The rat
monoclonal antibody TuGh4 (kindly provided by Dr. K. Suga-
mura, Tohoku University, Sendai, Japan) is directed against the
v chain of the interleukin-2 receptor.

Volume 335 Number 21 1563

. For personal use only. No other uses without permission.

Copyright © 1996 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

Lymphocyte Proliferation

Proliferation assays were performed as described previously.!s
Recombinant human interleukin-2 (generously provided by Eu-
rocetus, Amsterdam) was used at concentrations of up to 30 IU
per milliliter.

Establishment of B-Cell and T-Cell Lines

B-lymphoblastoid cell lines were obtained from the patient ac-
cording to standard protocols for Epstein—Barr virus (EBV) infec-
tion.!¢ For the generation of permanent, growing T-cell lines the
patient’s T cells were stimulated with phytohemagglutinin and in-
terleukin-2 in the presence of irradiated allogeneic peripheral-
blood mononuclear cells from a healthy donor. T-cell blasts were
then infected with herpesvirus saimiri C488 and allowed to pro-
liferate in the presence of interleukin-2 without further stimula-
tion with mitogens or accessory cells.!”

DNA Analysis

For the sequence analysis of the gene encoding the yc chain,
full-length transcripts of the 7y chain of the interleukin-2 receptor
from a B-lymphoblastoid cell line were amplified with an assay
involving reverse transcription and a nested polymerase chain re-
action (PCR), and the mutant portion was then sequenced di-
rectly. We searched for the mutation in other cell populations
from the patient by sequencing exon 3 of the 7y chain of the in-
terleukin-2 receptor from genomic DNA isolated from sorted
B cells (CD19+), T cells (CD3+), monocytes (CD14+), and
polymorphonuclear cells as previously described.!81 The frag-
ments were directly sequenced with a thermal cycler sequencing
kit (Amersham, Paris).

We searched for X-chromosome mosaicism in the patient by mi-
crosatellite typing of DNA isolated from his B-cell line, the T-cell
line infected with herpsesvirus saimiri, and sorted CD3+ cells from
the patient’s and his mother’s peripheral-blood cells. PCR was per-
formed with 1 ug of the DNA preparation with the specific prim-
ers at the DXS106 and DXS441 loci as previously described.20

TABLE 1. IMMUNOLOGIC ANALYSIS OF THE PATIENT’S PERIPHERAL-
BLOOD LEUKOCYTES.

NormAL RANGE

OoR CONTROL
Type OF CELL PATIENT VALUE
cells/mm?3
T cells
CD3+ 815-2050 1200-2500
CD4+ 250-828 720-2000
CD8+ 360-1860 240-1000
B cells
CD20+ 930-2400 100-600
Natural killer cells
CD56+ Undetectable 100-500
T-cell proliferation (cpm X10-3)
Stimulus*
None, day 4t 0.5+0.1 0.4+0.2
Phytohemagglutinin 33x1.3 34.0x15.0
OKT3 5.7%+3.0 31.5+13.2
None, day 6% 1.0£0.2 0.3+0.1
Tetanus toxoid 4.6+1.2 23.2*97
Purified protein derivative 71%2.3 24.0+8.1
Allogeneic cells 12.3+39 349+11.1

*Plus—minus values are means *SD.
tThe experiments with phytohemagglutinin and OKT3 ended on day 4.

1The experiments with antigens and allogeneic cells ended on day 6.
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TABLE 2. EXPRESSION OF DIFFERENT T-CELL—
RECEPTOR VB FAMILIES BY THE PATIENT’S CD4+
AND CD8+ CELLS, AS DETECTED BY MONOCLONAL
ANTIBODIES. *

\/¢] PATIENT
CD4+ CD8+

AGE-MATCHED NORMAL CONTROLS
CD4+ CD8+

percentage of cells expressing TCR VB chainst

VB2 2 5 10.5+1.7 41x1.6
VB3 3 0.2 3.6+2.3 58+3.0
VB8 3 0.4 4.6x09 49+18
VB13.6 3 0.2 22*x04 20x17
Vp17 5 0.6 51*1.6 50*1.9
VB21 2 0.1 29+09 23x12

*Plus—minus values are means =SD.

1TTCR denotes T-cell receptor.

RESULTS
Immunologic Studies

The absolute number of circulating lymphocytes
ranged from 2200 to 4600 per cubic millimeter. At
least 20 percent of the lymphocyte population stained
with antibodies directed against CD2 or CD3 (Ta-
ble 1). This T-cell population had a mature pheno-
type of CD4+ or CD8+. However, a severely di-
minished number of CD4+ T cells and an increased
number of CD8+ T cells and CD20+ B cells were
repeatedly detected. There was normal expression of
HLA class I and class II antigens and adhesion mol-
ecules CD11 and CDI18 (data not shown). The
expression of the VB family of monoclonal antibod-
ies by CD4+ cells was normal, whereas their expres-
sion by CD8+ cells was substantially lower than that
in age-matched controls (Table 2). The absence of
v/6+ cells in the CD8+ population may provide
some evidence that the altered pattern of use of
clonal VB was constitutive rather than due to myco-
bacterial infection (data not shown). When stimulat-
ed, the T-cell proliferative responses to mitogens,
tetanus toxoid, and purified protein derivative were
repeatedly low but detectable (Table 1). The pa-
tient’s T-cell responses to allogeneic cells were low
but clearly positive (Table 1). Immunophenotype
and proliferative responses did not change over a pe-
riod of 18 months.

Studies of the yc Chain

Because the patient’s pedigree was suggestive of
an inherited X-linked immune deficiency, we meas-
ured the expression of the yc chain on the surface
of the patient’s EBV-transformed B-cell lines. The
expression of the B chain of the interleukin-2 recep-
tor was normal in both the patient’s and the control
B-cell lines (data not shown), whereas the expression
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of the yc chain was detectable only in the control
B-cell lines (Fig. 1A). Direct genomic sequence
analysis of the patient’s B-cell lines detected a single
point mutation in the yc gene consisting of a change
from T to C at position 343 in exon 3, correspond-
ing to amino acid 115, which replaced the normal
cysteine-encoding codon with one coding for argi-
nine (Fig. 1B). DNA analysis revealed that the pa-
tient’s mother was heterozygous for this mutation
(data not shown).

Because of the unexpected presence of circulating
mature T cells, we sorted and analyzed the patient’s
CD3+ T cells for expression of the yc chain and to
determine whether the mutation was present. Sur-
prisingly, the expression of the yc chain by T cells
with either the CD4+ or CD8+ phenotype was nor-
mal (data not shown), and sequencing of the yc gene

revealed the wild-type sequence at position 343
(Fig. 2) (and data not shown). In contrast, the
sorted CD19+ B cells, the sorted CD14+ mono-
cytes, and the polymorphonuclear-cell population
had no detectable expression of the yc chain on their
surface and contained the Cys - Arg mutation at po-
sition 115.

The possibility that the patient’s circulating T-cell
population was derived from the engraftment of
T cells from the mother in utero was excluded by
T-cell karyotyping and HLA typing (data not
shown). In addition, the X chromosome present in
the patient’s T-cell and B-cell populations was as-
sessed by study of two microsatellites flanking the
severe combined immunodeficiency locus on the
X chromosome. These cell populations had only
one X chromosome derived from the mother, with
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Figure 1. Study of the yc Chain in B-Cell Lines from the Patient and a Normal Control.

In Panel A, cells from the patient’s B-cell line and from a control B-cell line were stained for the yc chain and analyzed by flow
cytometry (thick lines), as described in the Methods section. In each panel, the thin lines represent the fluorescence profiles of cells
stained first with an isotype-matched irrelevant antibody and then with a second antibody. Panel B shows the normal sequence of
the yc chain and the missense mutation identified in the yc chain of the DNA isolated from the patient’s B-cell line. TM denotes
transmembrane, and WSEWS denotes the following amino-acid sequence: tryptophan-serine—unconserved amino acid-tryp-

tophan-serine. SH2 denotes Src homology region 2.
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Figure 2. Direct Sequencing of the yc Chain in Polymorphonuclear Cells (PN), CD19+ Cells, CD14+ Cells, and CD3+ Cells from the

Patient.

The asterisk denotes the single-nucleotide difference causing the substitution of arginine for cysteine at position 115 in each case.

The wild-type sequence is shown on the right.

the same X chromosome present in both T-cell and
B-cell populations (data not shown).

DISCUSSION

We describe a boy with an attenuated form of se-
vere combined immunodeficiency resulting from a
point mutation in the yc gene in B cells. There was,
however, normal expression of the <yc chain by
T cells and some proliferative responses of T cells.
Genetic analysis of the boy’s B cells revealed a point
mutation leading to the substitution of arginine for
the cysteine residue at position 115, thereby con-
firming the initial clinical diagnosis of severe com-
bined immunodeficiency. The cysteine replaced be-
longs to the consensus residues common to all
members of the cytokine I receptor family.2! A sim-
ilar molecular defect affecting the same amino acid
was previously identified in two unrelated patients
with typical severe combined immunodeficiency??
(and unpublished data). Therefore, this amino acid
residue seems critical for the expression of the +yc
chain and subsequent normal T-cell development. In
contrast to the typical patient with severe combined
immunodeficiency, our patient had mature T cells
and detectable but diminished mitogen and antigen-
specific responses. Subsequent genetic analysis showed
an absence of the genetic defect in T cells from his
peripheral blood. HLA typing and cytogenetic stud-
ies ruled out the possibility of maternal engraftment.

The mosaicism detected in the patient could be
due to a postzygotic somatic mutation of the normal
maternal X chromosome in some progenitor cells or
to a reversion of the mutation, as shown for severe
combined immunodeficiency due to adenosine de-
aminase deficiency.23-25> However, the presence of the
identical mutation of the yc gene in the patient’s
mother and the presence of the same X-chromosome
region encompassing the severe combined immuno-
deficiency locus in the patient’s T and B cells argue
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for a reversion event causing a correction of the in-
herited molecular defect. Although a C-T rever-
sion of a specific deleterious point mutation is sta-
tistically highly unlikely, in vivo selection could allow
such a rare event. In patients with severe combined
immunodeficiency, a reversion of the yc mutation in
T cells would confer a distinct advantage over cells
without functional yc chains in terms of growth and
differentiation.

This possibility is in keeping with the finding of a
nonrandom pattern of X-chromosome inactivation
in T cells and natural killer cells of heterozygous fe-
male carriers of X-linked severe combined immuno-
deficiency, resulting in the survival only of cells with
the normal X chromosome.26 Therefore, given the
selection advantage of T cells expressing the func-
tional yc chain in the different cytokine receptors, it
is conceivable that all T cells in this patient arose
from a single revertant T-cell precursor. This possi-
bility will be important to consider in future at-
tempts at gene therapy.

Although a normal yc chain is present in the re-
verted T cells, the population remains poorly func-
tional. Low antigen-specific proliferative responses
can be the result of a restricted repertoire of T-cell-
receptor antigens because of a late reversion during
thymocyte ontogeny. However, the expression of V3
by CD8+ cells was substantially less than that in the
patient’s age-matched normal controls, whereas the
expression of VB by the responsive CD4+ cells was
similar to that in the controls. Alternatively, to be
normal, T-cell proliferative responses to mitogens
and antigens may need the help of monocytes acti-
vated through their yc chain, which was nonfunc-
tional in our patient.?”

The presence of normal yc-chain expression by
both CD4+ and CD8+ cells, which are partially
functional, in addition to the absence of natural
killer cells in this patient, suggests that reversion of
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the mutation occurred in early T-cell precursors.
This event most likely occurred after B-cell and
natural-killer-cell progenitors were already commit-
ted and before the rearrangement of the B-chain
gene of the T-cell receptor, at a stage of differentia-
tion that can be reached in the absence of yc-chain
expression.

If one assumes that there was only a single rever-
sion event and that the single T-cell progenitor gave
rise to a number of diversified T-cell clones, then the
process of cell proliferation must have been very ac-
tive before the rearrangements of the 8- and a-chain
genes of the T-cell receptor. A careful analysis of the
T-cell repertoire is under way. The determination of
the T-cell-receptor sequence in our patient may
provide further insight into the process of clonal ex-
pansion following infection or immunization as well
as into the risk of progressive exhaustion of the dif-
ferentiated T-cell clones. Unless the revertant pro-
genitor cell has the capacity for self-renewal — an
unlikely possibility — further changes in the T-cell
repertoire are to be expected.
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