The New England
Journal of Medicine

Copyright © 2002 by the Massachusetts Medical Society

VOLUME 346

APRIL 18, 2002

NUMBER 16

SUSTAINED CORRECTION OF X-LINKED SEVERE COMBINED
IMMUNODEFICIENCY BY EX VIVO GENE THERAPY

SALIMA HACEIN-BEY-ABINA, PH.D., FRaNcOISE LE DEIsT, M.D., PH.D., FREDERIQUE CARLIER, B.S., CECILE BOUNEAUD, PH.D.,
CHRISTOPHE HUE, B.S., JEAN-PIERRE DE VILLARTAY, PH.D., ADRIAN J. THRASHER, M.D., PH.D., NicoLAs WULFFRAAT, M.D.,
RicARDO SORENSEN, M.D., SopHIE Duruis-GIRoD, M.D., ALAIN FISCHER, M.D., PH.D.,

AND MARINA CavazzaNA-CALvVO, M.D., PH.D.

ABSTRACT

Background X-linked severe combined immuno-
deficiency due to a mutation in the gene encoding
the common v (yc) chain is a lethal condition that can
be cured by allogeneic stem-cell transplantation. We
investigated whether infusion of autologous hemato-
poietic stem cells that had been transduced in vitro
with the yc gene can restore the immune system in
patients with severe combined immunodeficiency.

Methods CD34+ bone marrow cells from five boys
with X-linked severe combined immunodeficiency
were transduced ex vivo with the use of a defective
retroviral vector. Integration and expression of the yc
transgene and development of lymphocyte subgroups
and their functions were sequentially analyzed over a
period of up to 2.5 years after gene transfer.

Results No adverse effects resulted from the pro-
cedure. Transduced T cells and natural killer cells ap-
peared in the blood of four of the five patients within
four months. The numbers and phenotypes of T cells,
the repertoire of T-cell receptors, and the in vitro pro-
liferative responses of T cells to several antigens after
immunization were nearly normal up to two years af-
ter treatment. Thymopoiesis was documented by the
presence of naive T cells and T-cell antigen-receptor
episomes and the development of a normal-sized
thymus gland. The frequency of transduced B cells
was low, but serum immunoglobulin levels and an-
tibody production after immunization were sufficient
to avoid the need for intravenous immunoglobulin.
Correction of the immunodeficiency eradicated es-
tablished infections and allowed patients to have a
normal life.

Conclusions Ex vivo gene therapy with yc can
safely correct the immune deficiency of patients with
X-linked severe combined immunodeficiency. (N Engl
J Med 2002;346:1185-93.)

Copyright © 2002 Massachusetts Medical Society.

EFICIENCY of the common vy (yc) chain,

an X-linked disorder, causes the most fre-

quent form of severe combined immuno-

deficiency disease.-2 The yc chain is an es-
sential component of five cytokine receptors, all of
which are necessary for the development of T cells
and natural killer cells. Without the yc chain, there
is a complete absence of mature T and natural killer
cells, whereas B cells are usually present in normal
or increased numbers. Severe combined immunode-
ficiency is fatal during the first year of life because of
severe, recurrent infections, unless transplantation of
hematopoietic stem cells restores T-cell function.3#
The survival rate after transplantation of HLA-identi-
cal hematopoietic stem cells is more than 90 percent,
whereas with haploidentical stem cells it is 70 to 78
percent.>* In most patients, deficient B-cell function
persists after transplantation and requires lifelong im-
mune-globulin—replacement therapy.3* Some patients
also have persistent deficiencies of T-cell function af-
ter stem-cell transplantation.*¢ Assessment of an al-
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ternative therapy based on the ex vivo transfer of the
ve gene into autologous hematopoietic precursor cells
was therefore warranted. In a preliminary report, we
showed that this approach corrected the T-cell defi-
ciency in two patients with X-linked severe combined
immunodeficiency who were followed for 10 months
after gene transfer.” We now report the effectiveness
of the procedure in five patients with a follow-up of
up to 30 months.

METHODS
Patients

Five consecutive patients without HLA-identical donors were
enrolled in the trial between March 1999 and February 2000.
The main characteristics of these boys at the time of diagnosis are
shown in Table 1. The diagnosis of X-linked severe combined im-
munodeficiency was based on peripheral-blood lymphocyte counts
and confirmed by y¢ mutation analysis. The protocol was approved
by the French Drug Agency and the local ethics committee, and
written informed consent was obtained from the parents, who
were told that an alternative treatment (bone marrow transplan-
tation) was available. All of the patients were kept in sterile isolation
and received nonabsorbable antibiotics and intravenous immune
globulin. Additional information about the five patients is available
as Supplementary Appendix 1 with the full text of this article at
http://www.nejm.org.

Retrovirus-Mediated Transduction

The vector containing the yc chain was derived from a defec-
tive Moloney murine leukemia virus and has been previously de-
scribed.” With the patients under general anesthesia, 30 to 150

ml of bone marrow was obtained, and CD34+ cells in the marrow
were selected for, as described below. These cells were stimulated
to grow in X-vivo 10 medium (BioWhittaker, Walkersville, Md.)
containing 4 percent fetal-calf serum (StemCell Technologies, Van-
couver, B.C., Canada), 300 ng of stem-cell factor per milliliter (Am-
gen, Thousand Oaks, Calif.), 300 ng of Flt-3 ligand per milliliter
(Immunex, Seattle), 60 ng of interleukin-3 per milliliter (Novartis,
Rueil-Malmaison, France), and 100 ng of polyethylene glycol—
conjugated megakaryocyte growth and differentiation factor per
milliliter (Amgen). The cells were then transduced with a super-
natant of the cultured yc-containing vector in the presence of the
preceding cytokines and 4 ng of protamine sulfate per milliliter
(Choay Sanofi, Gentilly, France). The procedure was carried out
in sterile bags (Nexell Therapeutics, Irvine, Calif.) that were coated
with 50 ng of human recombinant fibronectin per milliliter (Takara
Shuzo, Shiga, Japan). The supernatant was replaced every 24 hours
during the three-day transduction period. The number of cultured
cells was increased by a factor of five to eight, and 14 million to 38
million CD34+ cells per kilogram of body weight were infused
into the patients without preparative conditioning (Table 1).

Analysis of Immune Reconstitution

Immunofluorescence analysis, assays for proliferation of periph-
eral-blood mononuclear cells, analysis of the T-cell-receptor reper-
toire, and studies of natural-killer-cell cytotoxicity were performed
as previously described.”? The presence of serum antibodies against
polioviruses, tetanus and diphtheria toxoids, Haemophilus influen-
zae, and Streptococcus pnewmonine was determined by enzyme-linked
immunosorbent assays. Levels of isohemagglutinins were measured
by a hemagglutination assay. Antibody levels were determined one
to three months after three immunizations had been administered.
The interval between the last intravenous infusion of immune glob-
ulin and the determination of antibody levels was at least three
months.

TABLE 1. CHARACTERISTICS OF THE PATIENTS.

c
ENGRAFTMENT Expn‘éssmn CLINICAL
PATIENT AGE AT OF MATERNAL BEFORE STATUS AFTER
No. TREATMENT  CLINICAL STATUS BEFORE TREATMENT T CeLLs MutaTION TREATMENT INFUSED CELLS TREATMENT FoLLow-up
CD34+ CD34yc+
mo cells/mm3 cells/kg yr
1 11 Pneumocystis carinii pneumonitis 0 Arg 289 - stop Yes 15 million 7 million— Well 2.5
Protracted diarrhea 14 million Normal growth
Failure to thrive
2 8 Pnewmocystis carinii pneumonitis <10  Deletion ofexon 6  No 16 million 5 million Well 2.3
Protracted diarrhea Normal growth
Graft-versus-host disease—like
lesions
Failure to thrive
3 10 Disseminated bacille Calmette— 0  Deletion of exon4  No 14 million 5 million Improving* 0.7
Guérin infection
Adenovirus and respiratory syncy-
tial virus infections in the lungs
Protracted diarrhea
Failure to thrive
4 1 Well 0 Tyr 219 - stop No 27 million 14 million Well 1.8
Free of infection Normal growth
5 3 Graft-versus-host disease—like 2000 Gln 285 - Ala No 38 million 20 million Well 1.6
lesions Normal growth

*Eight months after gene therapy, Patient 3 underwent allogeneic stem-cell transplantation.
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Leukocyte Subgroups and Purification of CD34+ Cells

Peripheral-blood samples were separated into mononuclear cells
and granulocytes by centrifugation and sorted by flow cytometry
(FACS Vantage, Becton Dickinson Immunocytometry Systems, San
Jose, Calif.). Isolation of CD34+ progenitor cells was performed
by an immunomagnetic procedure (Miltenyi Biotec, Bergisch Glad-
bach, Germany). Two successive immunomagnetic procedures in-
creased the purity of the CD34+ population to 99 percent.

Quantification of Transgene Integration

Genomic DNA was extracted from peripheral-blood mononu-
clear cells and amplified with use of quantitative polymerase chain
reaction (PCR). Amplification, data acquisition, and analysis were
performed with the use of a sequence detector (ABI PRISM 7700,
Perkin Elmer, Norwalk, Conn.). Two sets of primers and probes
were used in each PCR reaction. For the quantification of integrat-
ed transgene sequences, the primers positioned in the long termi-
nal repeat and probe were as previously described.!® The standard
curve used as a reference for quantification of the viral copy num-
ber was based on serial dilutions of a plasmid ranging from 40 to
4 million copies. This plasmid contained two copies of the long
terminal repeat and one of the human albumin sequence (Gene-
thon IIT Laboratory, Evry, France).

To define the detection limit and linear range of duplex PCR,
we used a standard curve consisting of a log-scale dilution of cells
from an Epstein—Barr virus (EBV)—transformed B-cell line derived
from a patient with X-linked severe combined immunodeficiency
and containing approximately two copies of yc provirus per cell with
uninfected cells from the same EBV-transformed B cell line. The
lower limit of sensitivity of the method was 0.01 percent of yc-pos-
itive cells.

Quantification of T-Cell Antigen-Receptor Episomes

Analysis of T-cell antigen-receptor episomes in peripheral-blood
mononuclear cells was performed by real-time quantitative PCR
by means of the 5’ nuclease assay (TagMan) with an ABI PRISM
7700 system (Perkin Elmer).!%12 PCR conditions as well as prim-
ers and probe sequences are available on request.

Presence of Integrated Provirus after Long-Term Culture
of CD34+ Cells

Purified CD34+ cells were cultured for six weeks on irradiated
MS-5 stromal feeder layers in a limiting-dilution assay (10,000 to
150 cells per well) as described previously.!3 After six weeks, the
cells were assayed for colony-forming units. Subsequently, for each
dilution, all colony-forming units obtained on day 14 from the
same dish were pooled. DNA was analyzed by PCR to determine
the percentage of yc-positive dishes.

RESULTS

Clinical Outcome

After infusion of CD34+ cells that had been
transduced in vitro with the ye gene, four of the five
patients (Patients 1, 2, 4, and 5) had a clear-cut clin-
ical improvement (Table 1). Pulmonary infections in
Patient 1 and Patient 2 cleared and did not recur,
and graft-versus-host—like skin lesions, a feature of
severe combined immunodeficiency, disappeared in
Patient 2 and Patient 5 within the first 50 days after
gene therapy. Patient 1 and Patient 2 left the sterile
environment on day 90, and Patient 4 and Patient 5
left on day 45. In Patient 1 and Patient 2, protracted
diarrhea resolved, and parenteral nutrition was dis-
continued four months and three months after gene

therapy, respectively. None of these four patients
have subsequently had severe infections. Intravenous
immune globulin was discontinued three to four
months after gene therapy. Growth and psychomo-
tor development have been normal to date. Patients
1, 2, 4, and 5 are now living at home in normal en-
vironmental conditions.

Patient 3, in whom reconstitution of T cells failed,
underwent splenectomy four months after gene ther-
apy for persistent splenomegaly caused by a dissem-
inated bacille Calmette—Guérin infection. A rescue
stem-cell transplantation from an unrelated donor
matched at HLA-A, B, DR, and DQ loci but mis-
matched at one HLA-C locus was performed after
eight months, according to the protocol. At the last
follow-up visit, partial T-cell immunity had been re-
stored in this patient.

T-Cell Development

In Patients 1, 2, and 4, the number of T cells in-
creased progressively and reached normal values for
age three to four months after gene therapy; they were
within the normal range at the last follow-up visit (Fig.
1). In Patient 5, the initially high number of maternal
T cells (Table 1) disappeared within three months af-
ter treatment, while autologous T cells appeared.

Quantitative analysis of provirus integration indi-
cated that 100 percent of the T cells from Patients 1,
2, 4, and 5 contained the transgene (Fig. 2). On
Southern blotting, there were one to three provirus
integration sites per cell (data not shown). All T cells
in Patients 2, 4, and 5 expressed cell-surface recep-
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Figure 1. Absolute Numbers of CD3+ Cells after Gene Transfer
in Patients 1 through 5.
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tors with the yc chain. In all four patients, there was
a normal distribution of T cells with a/8 or y/8 re-
ceptors, and the numbers of CD4+ and CD8+
T cells were similar to those in age-matched controls
(data not shown). Conversely, no T cells were de-
tected in the blood of Patient 3 up to six months af-
ter treatment (Fig. 1).

Analysis of naive (CD45RA+) and memory
(CD45RO+) subgroups within CD4+ and CD8+
populations showed that most T cells had the phe-
notype of naive CD45RA+ T cells (Fig. 3A). We
also assessed whether T cells were being synthesized
by measuring the level of T-cell antigen-receptor epi-
somes. Intrathymic rearrangements of genes encoding
T-cell antigen receptors cause the formation of ex-
trachromosomal DNA episomes, which mark T cells
that have recently emigrated from the thymus to the
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periphery. As shown in Figure 3B, T-cell antigen-
receptor episomes in Patients 1, 2, and 4 were first
detected between day 60 and day 90, reached values
found in age-matched controls, and remained stable
for up to two years after gene transfer. Thirteen
months after treatment, Patient 5 had 5500
CD45RA+ CD4+ T cells per cubic millimeter and
21,000 T-cell antigen-receptor episomes per 100,000
peripheral-blood mononuclear cells, respectively.
These data correlated well with the development of
a normal-sized thymus, as evaluated by ultrasonog-
raphy (in Patients 1, 2, 4, and 5) and by magnetic
resonance imaging in Patient 5 (respective size at one
year or more, 23 by 15 by 11.5 mm, 21 by 13 by 10
mm, 27 by 34 by 13 mm, and 19 by 15 by 7 mm)
(Fig. 3C).

Expression of 17 VB families of T-cell receptors in
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Figure 2. Frequency of Sorted T Cells (CD3+), B Cells (CD19+), Monocytes (CD14+), and Granulocytes (CD15+) Containing the

Common v (yc) Chain after Gene Therapy in Patients 1, 2, 4, and 5.

Real-time quantitative polymerase-chain-reaction analysis of DNA was used to determine the frequency of vector-containing cells,

as described in the Methods section.
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Patients 1, 2, 4, and 5 was similar to that in age-
matched controls, and in these patients CD4+ and
CD8+ T-cell populations remained stable. In all pa-
tients, a gaussian distribution of the lengths of com-
plementarity-determining region 3 for 22 tested V3
families of T-cell receptors was observed (see Sup-
plementary Appendix 1).

Capacity for T-Cell Proliferation

At the last follow-up visit, T cells from Patients 1,
2, 4, and 5 exhibited normal proliferative responses
to in vitro stimulation with phytohemagglutinin and
anti-CD3 antibody (see Supplementary Appendix 1).
Antigen-specific proliferative T-cell responses were
also observed after immunization of those four pa-
tients with tetanus toxoid and polioviruses (see Sup-
plementary Appendix 1). The addition of interleu-
kin-2 to T cells from Patients 4 and 5 enhanced in
vitro proliferative responses to tetanus toxoid. T cells
from Patient 1, who was immunized with bacille
Calmette—Guérin at two months of age, also had a
proliferative response to tuberculin (purified protein
derivative).

Development of Natural Killer Cells

Natural killer cells became detectable 15 to 45
days after gene therapy in Patients 2, 4, and 5 and
150 days after gene therapy in Patient 1 (Fig. 4). In
Patients 2 and 4, and to a lesser magnitude in Pa-
tient 5, the levels of natural killer cells peaked two
to four months after gene therapy and then gradu-
ally decreased. In Patient 3, natural killer cells were
also detected in the blood beginning on day 45. These
cells expressed 7yc as detected by immunofluorescence
analysis (see Supplementary Appendix 1) and exhib-
ited cytotoxic activity against K562 target cells (data
not shown).

Serum Immunoglobulins and Antibody Production

Serum IgG, IgA, and IgM levels at 25, 21, and 13
months in Patients 1, 2, and 5, respectively, were

Figure 3. Numbers of Naive (CD45RA+) and Memory (CD45RO+)
T Cells (Panel A) and Numbers of T-Cell Antigen-Receptor Epi-
somes (Panel B) after Gene Therapy in Patients 1, 2, and 4 and
Magnetic Resonance Image of a Coronal Section of the Thymus
in Patient 5 Five Months after Gene Therapy (Panel C).

In Panel A, phenotypic quantification of naive and memory CD4+
T cells was performed with the use of double staining with fluor-
ochrome-conjugated antibodies against CD4 and CD45RA or
CD45RO0. In Panel B, numbers of T-cell antigen-receptor epi-
somes in peripheral-blood mononuclear cells were evaluated
at different times. The normal range of T-cell antigen-receptor
episomes for age-matched controls is 2500 to 20,000 per
100,000 peripheral-blood mononuclear cells. Arrows in Panel C
show a normal-sized thymus after reconstitution of T cells.
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Figure 4. Absolute Numbers of CD56+ and CD16+ Cells per
Cubic Millimeter of Whole Blood after Gene Therapy in Patients
1 through 5.

within the age-related normal range (Fig. 5). Low
IgG and IgA levels persisted in Patient 4 (Fig. 5).
Antibodies against tetanus toxoid, diphtheria toxoid,
and poliovirus antigens were first found one month
after the third immunization (Table 2) and persisted
for more than six months in Patients 1, 2, and 4. An-
tibodies against S. pneumonine in Patient 2 and H. in-
fluenzae in Patient 1 and Patient 2 were also detect-
ed. In contrast, immunization of Patient 5 failed to
elicit an antibody response. Isohemagglutinins were
consistently detected in the serum of Patients 1, 2,
and 4 one year or more after gene therapy (Table 2).
In three patients, the percentage of CD27+ and
CD19+ B cells was similar to that of age-matched
controls (see Supplementary Appendix 1).

Integration and Expression of yc Provirus

In Patients 1, 2, 4, and 5, all CD3+ T cells carried
the yc transgene, as compared with 1 to 5 percent
of B cells, 0.05 to 2 percent of monocytes, and 0.05
to 0.5 percent of granulocytes (Fig. 2). The frequency
of ye-containing T cells, B cells, monocytes, and gran-
ulocytes was stable during the study period (Fig. 2).
In Patients 2, 4, and 5, the presence of the yc gene
coincided with the expression of yc chains (see Sup-
plementary Appendix 1). In bone marrow samples
obtained from Patient 2 and Patient 4 21 and 13
months, respectively, after gene transfer, 1 to 5 per-
cent of colony-forming units derived from cultured
CD34+ cells contained the transgene (frequency of

long-term-culture initiating cells, 1:1000 in Patient 2
and 1:500 in Patient 4) (data not shown).

Patient 3

Reconstitution of T cells failed to occur in Patient
3 (Fig. 1), despite the presence of ye-positive cells,
as detected by PCR and immunofluorescence analy-
sis of peripheral-blood mononuclear cells from day
30 up to four months after gene transfer. After sple-
nectomy, a strong yc signal was detected among sort-
ed CD19+ and CD16+ cells by nonquantitative
PCR analysis. There were no CD3+ T cells in the
spleen, and provirus (i.e., vector) was not detected
in a bone marrow sample obtained at the time of
splenectomy.

DISCUSSION

We found that four of five patients with X-linked
severe combined immunodeficiency due to a defi-
ciency of the yc chain who were treated with autol-
ogous CD34+ cells from bone marrow that had
been transduced ex vivo with the yc gene showed
evidence of a functional immune system and sus-
tained clinical benefit. These results extend a prelim-
inary report of two patients treated in this way.” The
gene-therapy protocol we used is safe, and no evi-
dence of the emergence of a replication-competent
retrovirus has been detected.

The evidence that virtually all T cells and natural
killer cells but fewer B cells and myeloid cells were
transduced suggests that yc expression gives progeni-
tors of T cells and natural killer cells a selective growth
advantage. Since transduced monocytes, granulocytes,
and colonies derived from long-term cultures of trans-
duced CD34+ cells were consistently detected one to
two years after gene transfer, it is likely that long-lived
immature progenitor cells were targeted by the vector.
Moreover, the persistence of T-cell antigen-receptor
episomes,!H12 naive T cells, and the development of
a normal-sized thymus indicate ongoing formation
of T cells and thymopoiesis, which most likely orig-
inated from transduced CD34+ progenitors. These
findings suggest that both committed myeloid and
lymphoid progenitor cells were transduced (implying
that these cells persist in the bone marrow for at least
one to two years) or that uncommitted pluripotent
progenitor cells were transduced by the yc-contain-
ing vector. Evaluation of provirus integration sites in
myeloid and lymphoid cells!+!5 should help clarify
this issue.

In our four successfully treated patients, the pat-
tern of restoration of T cells differed from that ob-
served after transplantation of haploidentical hema-
topoietic stem cells in patients with severe combined
immunodeficiency.3# After the latter, T cells usually
begin to appear within four to six months, and the
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Figure 5. Serum Levels of IgM (Panel A), IgA (Panel B), and IgG

(Panel C) after Gene Therapy in Patients 1, 2, 4, and 5.

In Patient 1, the peak level of monoclonal IgM occurred two
months after gene therapy.

number of T cells in peripheral blood rarely exceeds
2000 per cubic millimeter.3# In contrast, after gene
therapy, T cells appeared within two to four months,
at levels of 2000 to 8000 per cubic millimeter. The
absence of graft-versus-host disease and the ex vivo
activation of CD34+ cells with cytokines could have
contributed to the rapid reconstitution.
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IgG (mg/dl)
3
8
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or—r—————"T—"—T1——
-1 0 5 10 15 20 25 30

Months after Gene Therapy

The characteristics of the T cells in the four pa-
tients were similar to those of age-matched controls.
The diversity of T-cell receptors and the presence of
T-cell antigen-receptor episomes and naive T cells sug-
gest that the T cells after gene therapy derived from
genuine thymopoiesis and not from an increase in
the number of transduced mature T cells.1617 It is in-
teresting that neither membrane expression of a trun-
cated yc protein (in Patient 1) nor the presence of
numerous maternal T cells (in Patient 5) influenced
the development of T cells. Although vyc gene transfer
did not increase B-cell numbers substantially, enough
immunoglobulin was produced to avoid the need for
intravenous immune globulin. It is not known wheth-
er the few transduced B cells account for the pro-
duction of antibodies in these patients or whether
nontransduced B cells are also involved.!8 Since there
were more detectable memory B cells (CD27+ and
CD19+) than transduced B cells, it is possible that
ye-negative B cells retain some function.

In conclusion, our study demonstrates that the in-
fusion of autologous 7yc-transduced cells, despite the
low efficiency of the transduction process, can repair
the immune system in patients with X-linked severe
combined immunodeficiency. Although the repair is
incomplete, it is sufficient to provide protective im-
munity. Despite an obvious requirement for long-term
assessment and further analysis in a larger cohort of
patients, these results suggest that a similar approach
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TABLE 2. PEAK ANTIBODY RESPONSES AFTER IMMUNIZATION.*

ANTIBODY ASSAY PATIENT 1
Diphtheria toxoid (IU/ml) 3
Tetanus toxoid (IU/ml) 3
Poliovirus titer

First 1:640

Second 1:320

Third 1:160
Anti-A antibody titer 1:64
Anti-B antibody titer 1:32
Haemophilius influenzae (%)t 26
Streptococcus pnewmonine (ug,/ml) ND

PATIENT 2 PATIENT 4 PATIENT 5 ConTROLS
93 22 <0.1 >0.10
63 89 <0.1 >0.10

1:640 1:20 0 >1:40
1:640 1:80 1:20 >1:40
1:160 1:40 0 >1:0
1:32 1:8 1:4 >1:8
16 ND ND >10
8 ND ND >0.3

*Patients were immunized three times with diphtheria toxoid, tetanus toxoid, and poliovirus be-

tween month 4 and month 6; they were immunized with Streptococcus p

and H

ohilus
P

influenzae one year after gene therapy. Serum antibodies were measured in serum samples drawn ev-

ery three months thereafter. ND denotes not done.

TA positive value is more than 10 percent.

could be used for other forms of severe combined
immunodeficiency.!9-24
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CORRECTION

Gene Therapy for Severe Combined
Immunodeficiency Disease

To the Editor: Correction of X-linked severe combined immunodefi-
ciency by infusion of autologous CD34+ stem cells transduced with
retrovirus containing common y chain, reported by Hacein-Bey-Abina
etal. (April 18 issue),1 is a milestone in medicine. We used a different
therapy with a similarly good outcome.

X-linked severe combined immunodeficiency was diagnosed in two
patients after the initiation of mechanical ventilation for pulmonary fail-
ure caused by infections. Immediately after the diagnosis had been
made, haploidentical CD34+ peripheral progenitor cells mobilized with
granulocyte colony-stimulating factor were isolated to a purity of more
than 99 percent.2 These cells were infused with no preparative regi-
men and no prophylaxis against graft-versus-host disease. Both pa-
tients showed signs of T-cell reconstitution beginning three weeks af-
ter the CD34+ infusion and were weaned from the ventilator. They
are in excellent health, without graft-versus-host disease, 34 and 68
months after transplantation. Patient 1 does not need replacement
immune globulin. Patient 2 received a “booster” infusion of CD34+
stem cells from the original donor one year later to improve B-cell
function and now receives immune globulin every three months.

Our experience indicates that purified haploidentical CD34+ progeni-
tor cells reconstitute the T-cell compartment and can correct the B-cell
defect. Given the possibility of long-term risks>4 and the availabil-
ity of effective alternatives, we think that broader application of gene
therapy for the treatment of patients with severe combined immunod-
eficiency or strategies for the correction of persistent B-cell deficiency
after successful allogeneic transplantation5 are premature and war-
rant longer follow-up.

Rupert Handgretinger, M.D., Ph.D.
St. Jude Children’s Research Hospital
Memphis, TN 38105

Ewa Koscielniak, M.D.
Olgahospital
70176 Stuttgart, Germany

Dietrich Niethammer, M.D., Ph.D.

Children’s University Hospital

72076 Tubingen, Germany
dietrich.niethammer@med.uni-tuebingen.de
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The authors reply:

To the Editor: Handgretinger et al. describe two cases of success-
ful haploidentical hematopoietic stem-cell transplantation for X-linked
severe combined immunodeficiency. It is indeed known that partially
compatible hematopoietic stem-cell transplantation can provide T-cell
reconstitution in 70 to 80 percent of cases.'? Nevertheless, hap-
loidentical hematopoietic stem-cell transplantation has a number of
pitfalls. Despite low numbers of T cells in the graft, graft-versus-host
disease does develop in some cases (5 to 10 percent). T-cell repop-
ulation after haploidentical hematopoietic stem-cell transplantation is
slow. 2 A period of more than three months is usually required before
T cells can be detected. More important, Patel et al. have reported
that after the performance of haploidentical hematopoietic stem-cell
transplantation without myeloablation, T-cell immunity declines over
time.® Finally, correction of B-lymphocyte immunity is infrequent in pa-
tients with X-linked severe combined immunodeficiency who undergo
haploidentical hematopoietic stem-cell transplantation in the absence
of myeloablation.># In contrast, so far all patients who have received
gene therapy, with a follow-up of more than one year, in whom T-cell
immunity has developed do not require intravenous immune globulin
therapy. These observations justify further assessment of gene ther-
apy as an alternative to hematopoietic stem-cell transplantation.

The potential risk of gene therapy must not be underestimated and
must be balanced against the risk of alternative therapy. The concern
of Handgretinger et al. is not entirely appropriate, since helper virus
and the expression of a membrane receptor, which accounted for re-
ported toxic effects, are irrelevant to our trial. In our opinion, gene
therapy can be considered an option worth exploring for patients with
severe combined immunodeficiency.

We would also like to note that on page 1185 of our article, author
Lily Leiva’s name was misspelled, and the affiliation for Dr. Leiva
and author Ricardo Sorensen should have included both Louisiana
State University Health Sciences Center and Children’s Hospital, New

Orleans.

Marina Cavazzana-Calvo, M.D., Ph.D.
Salima Hacein-Bey-Abina, Pharm.D., Ph.D.
Alain Fischer, M.D., Ph.D.
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