Evidence for Engraftment of Donor-Type Multipotent CD34’ Cells in a
Patient With Selective T-Lymphocyte Reconstitution After Bone Marrow
Transplantation for B-SCID

ing -2% of the CD34+ cells,were detected; both CD34+HLADR- cells and CD34+ cells coexpressing B-(CD10 and CD19)
and T-(CD2 and CD71 lymphocyte-associated cell surface
molecules. Donor-type CD34+ cells coexpressing myeloidassociated molecules (CD13,CD14,CD15,
and CD33) were
undetectable. However, donor-type CD34+ myeloid progenitors couldbe shown in functional assays. Recipient-type
CD34+ cells coexpressing B- and T-lymphocyte- as well as
myeloid-associated molecules were detected, but recipienttype CD34+ cells could not be driven into T-lymphocyte differentiation in vitro. These findings provideevidence for engraftment of multipotent stem cells in our patient with
B-SCID. Furthermore, the failure of B-lymphocyte reconstitution cannot be explained by lack of donor-type B-lymphocyte progenitors. Donor-type B lymphopoiesis and myelopoiesis are prevented by an unidentified mechanism.
0 1994 by The American Society of Hematology.

S

cal, T-lymphocyte-depleted BMT has been less favorable,
with a survival rate of 60%.? Reconstitution of T-lymphocyte
immunity develops slowly and frequently may completely
fail todevelop. In sharpcontrastto HLA-identical BMT,
humoral immunity frequently remains deficient and the failure has been shown to be closely related to lack of mature
donor-type B
Accordingly, cytoablative
conditioning is now advocated in HLA-nonidentical BMT
for S C I D . ~ , ~
AllogeneicBMT without cytoablativeconditioningfor
SCID presents a unique state of
lymphohematopoietic chimerism with development of donor-type T lymphocytes and,
less often, B lymphocytes, whereas post-BMT myelopoiesis
remains of the recipient-type.
It has been unclear whether
this peculiar chimerism is alsopresent at the stem cell level.
We report here on an I 1 -year-old girl who received a paternal T-lymphocyte-depleted BMT without cytoablative conditioning at the age of 6 months for B-SCID, an autosomal
SCID characterized by the absence of both B and T lymphocytes. A stable reconstitution of T-lymphocyte immunity was
accomplished,buthumoralimmunityremainedimpaired
with absence of circulating B lymphocytes and absence of
detectable levels of self-sustained Igs. When investigated at
the level of CD34’ cells 10 years post-BMT, we found evidence forBM engraftment of multipotent donor-type CD34’
cells. Interestingly, recipient-type CD34’ cells with phenotypiccharacteristicsof
B-andT-lymphocyte
progenitors
were demonstrable, consistentwith
a recentlyproposed
pathophysiologic mechanism underlying
the
failure
of
lymphoid development in B-SCID.

EVERE COMBINED immunodeficiencies (SCID) form
a heterogeneous group of genetic disorders of infancy
characterized by profounddeficits of both numbers and functional capacities of B and T lymphocytes. Without treatment
directedat
immunologic reconstitution,typical
forms of
SCIDare fatal,usuallywithinthe
first year of life.’,2 A
number of variants of the disorder can be distinguished, and
the molecular basisofthe
immunologic abnormalityhas
been resolved in several variants.*
Allogeneic bone marrow transplantation (BMT) offers a
curative treatment for SCID. Becauseof the profound immunodeficiencyand thefailure to mountan effective alloresponse, BMT has traditionally been performed without
cytoablative conditioning. UsingHLA-identical family donors,
complete immunologic reconstitution is usually the result,
with long-term survival rates surpassing90% in more recent
series.’-’In the absence of anHLA-identical donor, BMT
from mismatched donors such as haploidentical parents has
become the treatment of choice. To prevent graft-versus-host
disease (GVHD), these marrow grafts have been depleted of
mature T lymphocytes.”’ The outcome of HLA-haploidenti-

From the Institute of Transplantation Immunology and Medical
Department A, The National Hospital, UniversiQ of Oslo, Oslo,
Norway: Nycomed Bioreg, Oslo, Norway; and the Department qf
Pediatrics 11, University of Ulm, Ulm, Germany.
Submitted February 9, 1994; accepted July 26, 1994.
Supported by grants from Egil A. Brithen, Sigval Bergesen d.p.
og hustru Nankis Almennyttige Stqtelse, and Bergliot og Sigurd
Skaugens Fond til Bekjempelse av Kref.
Address reprint requests to Geir Erland Tjmnnford, MD, Institute
of Transplantation Immunology, The National Hospital, N-0027
Oslo, Norwuy.
The publication costs ofthis article were defrayed in part by page
charge payment. This article must therefore be hereby marked
“advertisement” in accordance with 18 U.S.C. section 1734 solely to
indicate this ,fact.
0 l994 by The American Society of Hematology.
0006-4971/94/8410-0028$3.00/0
3584

MATERIALS AND METHODS
Patient characteristics. The patient wasan
1 l-year-oldgirl.
B-SClD was diagnosed at the age of 3 months using clinical and
laboratory criteria defined by the World Health Organization classiB and T lymphocytes,but natural killer
fication.“’ The patient lacked
(NK) cells were present and functional. Adenosine deaminase and
purine nucleotide phosphorylase levels were normal. There was no
evidence of transplacentalengraftment
of maternal T lyrnphoBlood, Vol 84, No 10 (November 15).
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Severe combined immunodeficiencies (SCID), a heterogeneous group of disorders of infancy, are fatal without treatment directed atimmunologic reconstitution. Allogeneic
bone marrow transplantation (BMT), which is such a treatment presents some unique features in SCID, especially
when T-lymphocyte-depleted HLA haploidentical allografts
are used. Donor-type T lymphopoiesis, less often B lymphopoiesis, develops, whereas myelopoiesis remainsthe recipient-type. Little is known about the engrafting cells in this
peculiar lymphohematopoieticchimerismand
the pathophysiology of the frequent failure of B-lymphocyte reconstitution. To address these issues, we purifiedCD34’ BM cells
from a patient with selective T-lymphocyte reconstitution
after HLA haploidentical BMTfor B-SCID. Phenotypic analysis of CD34+ cells was performed by flow cytometry, and
functional studies of donor- and recipient-type CD34’ cells
were performed in vitro. Donor-type CD34+ cells, constitut-
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Cultures for myeloid differentiation were prepared as described
cytes.",'2 Withoutcytoablativeconditioning,thepatient(HLAel~ewhere.'~
In short, CD34+HLA-A2+ and CD34+HLA-A2- cells
A2,26;B38,51;DR6,7)received
a T-lymphocyte-depleted7BM
were plated in 200 pL IMDM with 10% FCS, glutamine (2 mmoU
graft from her father (HLA-A26.26; B38,38; DR6,6) at the age of
L), penicillin, streptomycin, c-kit ligand
(2 U/mL), interleukin-3(IL6 months. She thrived normally without
any signs of acute or chronic
3; 80 U/mL), and granulocyte-macrophage colony-stimulating factor
GVHD. T-lymphocyte immunity was reconstituted bydonor-type
(GM-CSF; 80 U/mL) at a concentration of 1,OOO cells/well in 96cells,",'3 but humoral immunity remained impaired with absence
wellU-bottomedtissuecultureplates(Costar).Subsequently,the
of circulating B lymphocytesandself-sustainedserumIglevels,
cultures were fedby removing half the supernatant and replacing it
necessitating regular Ig substitution." Because the patient and her
with fresh supplemented medium twice weekly for 3 and 4 weeks,
family were due to return to their native country, where regular Ig
respectively. The cells were harvested, enumerated, and analyzed
substitution cannot be guaranteed, a secondBMT from the same
donor after cytoablative conditioning was scheduled, aiming at com-by flow cytometry and light microscopy of May-Grtinwald-Giemsaplete immunologic reconstitution. While the patient was under gen- stained cytospin slides.
All cultures were kept in a humidified atmosphere of 5% CO2 in
eral anaesthesia, autologousBM was harvested to serve as back-up
air at 37°C.
in case of graft failure after the secondBMT.
Cell preparation. BM (100 mL) from the patient was processed
for in vitro studies together with peripheral blood from the recipient
RESULTS
and donor. CD34+cells were isolated with Dynabeads M-450 (DySelective restoration of functional T lymphocytes. Flow
nal, Oslo, Norway) coupled with a monoclonal antibody (MoAb)
cytometric analysis ofperipheral blood from the patient
against CD34 (BI-3C5) from mononuclear cells prepared from the
confirmed previous findings" of phenotypicallynormal
BM sample
by
density
gradient
centrifugation
(1.077
g/mL;
Lymphoprep; Nycomed Pharma, Oslo,N~rway).'~.'~
Host and donor
donor-type T lymphocytes, no detectable B lymphocytes,
peripheral blood mononuclear cells were preparedby density gradiand recipient-type NK and myeloid cells (data not shown).
ent centrifugation.
The donor-type T lymphocytes were functionally normal, as
Antibodies. The following MoAbs were used for flow cytometry:
described in detail elsewhere.",'3
fluoresceinisothiocyanate(FITC)-labeledLeu-5b(CDZ),
Leu4
Characteristics of CD34+ cells. Theimmunomagneti(CD3),Leu-9(CD7),anti-Calla(CDlO),
Leu-l2 (CD19), Leu-16
cally isolated BM cells contained more than 98% CD34+
(CD20), Leu-lla (CD16). Leu-M1 (CD15), anti-HPCA-2 (CD34),
cells. Purified CD34+ cellswere analyzed by flow cytometry
anti-HLA-DR, and anti-TCR-dP-1 were purchased from Becton
for expressionof HLA-A2, HLA-DR, and lineage-associated
DickinsonImmunocytometrySystems(BDIS;SanJose,CA)and
My-4 and My-9 were purchased from Coulter Immunology (Hialeah,cell surface molecules. Both recipient-(HLA-A2+) and doFL). Phycoerythrin(PE)-labeledanti-HPCA-2,Leu-M9(CD33),
nor-type (HLA-A2-) CD34' cells were found (Fig1A). The
Leu-M7 (CD13), and Leu-l9 (CD56) were purchased from BDIS.
latter subset constituted -2% of all CD34' cells. There was
SimultestControl yl/y2(IgG1 FITC + IgG2aPE)waspurchased
no donor-unique allele that could be shown on the CD34+
from BDIS. Anti-CD3 (101.1) was obtained from Novo Research
cells, at least by
flow cytometry. Accordingly, the donor-type
Institute(Copenhagen,Denmark).Anti-HLA-A2(ITI-8G12)
was
of
cells were defined by the absence rather than the presence
G . Gaudernack. Fluoresceinated
developed in our own laboratory by
a unique HLA allele, HLA-A2. To evaluate the validity of
goat antimouse IgGl and IgM polyclonal antibodies were purchased
defining the origin of CD34+ cellsby the presence or absence
from Southern Biotechnology Associates, Inc (Birmingham, AL).
of expression of HLA class I molecules, a flow cytometric
Flow cytometry and cell sorting.Cellstainingwasperformed
according to the manufacturer's instructions. Flow cytometry analy- comparison of HLA-A2 expression on CD34+ cells from an
HLA-A2+andanHLA-A2-individualwas
undertaken.
seswereperformedon
a FACScanwith the FACScanResearch
Software (BDIS). The degree
of forward and orthogonal light scatter
HLA-A2 was found to be expressed
ratheruniformly on
and the presence of two fluorescence
signals were determined for
CD34+ cells fromthe HLA-A2+ individual, whereas CD34+
each cell.
cells from the HLA-A2- individual were shown to be HLACellsortingofimmunomagneticallypurifiedCD34'
BM cells
A2- (Fig 2).
was performed on an Epics Elite (Coulter Electronics, Hialeah,
FL).
Recipient-type CD34+ cells were found to coexpress the
A sort gate within a dual parameter cytogram of forward against
myeloid-associatedmolecules
CD13 @l%),
CD14(2%),
orthogonal light scatter was drawn. A second and third amorphous
CD15 (24%), and CD33(83%); the B-lymphocyte-associated
gatewasdrawnon the two-color cytograms. Sort equations were
molecules CDlO (5%) and CD19 (3%); and T-lymphocyteset to positively sort cells satisfying both gates,
ie, CD34'HLA-A2'
associatedmolecules CD2 (6%) andCD7(2%)
(Fig 1C
and CD34+HLA-A2- cells, respectively.
through H). The proportions of recipient-type CD34+ cells
Culture assays. Cultures for T-lymphocyte differentiation were
prepared as previously described.I6 In short, CD34+HLA-A2+ and
expressing CD2 and CD7 were comparable to, whereas the
CD34+HLA-A2- cells were plated
on HLA-A2-mismatched adherproportions of recipient-type CD34+ cells expressing CDlO
ent thymic stromal cells, 1,OOO cells/well in 24-well tissue culture
and CD19were lower, than what we have reported in healthy
plates (Costar, Cambridge, MA) in1 mL Iscove's modified Dulbecadults.'* Donor-type CD34+ cells expressing B-(-50%) and
CO'smedium (IMDM; Bio Whittaker, Walkersville, MA) with10%
T-(-20%) lymphocyte-associated molecules were detectable
(vol/vol) fetalcalf serum (FCS; GIBCO, Paisley,UK), glutamine ( 2
(Fig 1E through H). Donor-type CD34+ cellsexpressing mymmoUL; GIBCO), 10% (voYvol)thymicstromalcell
supernatant,
1Cand
c-kit ligand(2 U/!&; Genetics Institute, Cambridge, MA), penicillin eloid-associated moleculeswereundetectable(Fig
D). Finally, donor-as well as recipient-type CD34'HLA-DR(60 pg/mL), and streptomycin ( 1 0 0 pg/mL). Subsequently, the cultures were fedby carefully removing half the supernatant and replac-cells were shown in low numbers (Fig 1B).
Myeloid cultures. Recipient- and
donor-type
CD34+
ing it with fresh supplemented medium twice weekly for 4 weeks.
Nonadherent cells were harvested, enumerated, and phenotyped by
cells were cultured in liquid culture in
the presence of cflow cytometry.
kit ligand, GM-CSF, and IL-3. Recipient-type CD34+ cells
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Fig 2. Flow cytometric analysis of expression of HLA class I cell
surface molecules on 0 3 4 ' . Purified CD34' cells from an HLA-A2(upper cytograml and an HLA-U+ (lower cytograml individual were
stained with anti-HLA-A2 MoAb, followed byFITC-labeled anti-CD34
MoAb and PE-labeled anti-lgM Ab. Cells stained with FITC- and PElabeled irrelevant MoAbsserved as negative control.
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Fig 1. Flow cytometric analysis of CD34' BM cells obtained 10
years after HLA-haploidentical BMT for B-SCID. Purified CD34+ BM
cells were stained with anti-HLA-A2 (IgM), followed by PE-labelad
anti-lgM Ab and FITC-labeledanti-CD34,anti-HLA-DR,anti-CD33,
anti-CD13, anti-CD14, anti-CD15, anti-CD2, anti-CD7, anti-CD10, and
anti-CD19 MoAbs. The expression of HLA-AZ by CD34' cells is shown
in (A), by HLA-DR' cells in (B), by CD33' cells in (C), by CD14+ cells
in (D), by CD2' cells in (E), by CD7+ cells in (F), by CD10+ cells in (GI,
and by CDl9+ cells in (H). The expression of HLA-A2 by CD13' and
CD15+ is not shown, but demonstrates absence of HLA-U-CD13'
and HLA-A2-CD15' cells. Cells stained with FITC- and PE-labeledirrelevant MoAbs served as negative control.

showed a 700-fold increase in cell number in 3 weeks and
gave rise to a morphologically (data not shown) and phenotypically myeloid progeny (Fig 3). Donor-type CD34+ cells
proliferated less vigoroursly, showing a 20-fold increase in
cell number in 4 weeks. Cells emerging after culture of
donor-type CD34' cells displayed the HLA-A2- phenotype,
and they were shown to be of the myeloid lineage by their
expression of CD14 and CD15 (Fig 3). These markers as
well as CD13 and CD33 were not detectable on donor-type
CD34' cells before culture. As shown, extensive in vitro
culture, in the presence of the cytokines indicated, did not
significantly modulate the expression of HLA-A?. All cells
emerging after culture of recipient-type CD34' cells expressed HLA-A2, whereas cells emerging inthe cultures
initiated by CD34+HLA-A2- (donor-type) cells displayed
the HLA-A2- phenotype (Fig 3 ) .
T-lymphocyte cultures. Recipient-type CD34' cells
were cultured on thymic stromal cells, proliferated well, and
gave rise to a myeloid progeny without any detectable cells
of the T-lymphoid lineage. Control cultures of CD34' BM
cells from healthy adults on thymic stromal cells prepared
from the same thymus donor always generated mature T
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Fig 3. Flow cytometric analysis of cells recovered from myeloid
cultures. CD34+ cells of recipient-type (upper cytogram) and donortype werecultured in thepresence of GM-CSF,11-3. and c-kit ligand.
Cells recoveredfrom these cultures were stained with anti-HLA-M
MoAb, followed by FITC-labeled anti-CD14 and anti-CD15 MoAbs and
PE-labeled anti-lgM Ab. Cultured cells stained with FITC- and PElabeled irrelevant MoAbs served as negative control.

lymphocytes in addition to myeloid cells.'6 Because of a
lack of a sufficient number of HLA-A2-CD34+ cells, the Tlymphocyte differentiation assay was unsuccessful for donor-type CD34+ cells.
DISCUSSION

To our knowledge, this is the first time lymphohematopoietic chimerism at the level of CD34' cells has been shown
after BMT for SCID. The phenotypic and functional studies
of purified CD34+ BM cells from an 1 l-year-old girl with
selective T-lymphocyte reconstitution after HLA-haploidentical BMT for B-SCID presented in this report provide evidence for engraftment of donor-type CD34+ cells. The presence in the recipient 10 years after BMT of donor-type
CD34+HLA-DR- cells, of donor-type CD34+ cells expressing B- and T-lymphocyte-associated cell surface molecules,
and of donor-type CD34' cells capable of generating a myeloid progeny in vitro indicates that the cells responsible for
engraftment were multipotent stem cells.
In this study, because of the lack of a donor-unique allele
that could positively identify donor-type cells by flow cytom-
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etry, donor-type cells were defined by the absence of the
HLA-A2 allele. Hence, it may be argued that the
CD34+HLA-A2- cells detected and subsequently interpreted
to be of donor-type, actually were recipient-type cells failing
to express HLA-A2 cell surface molecules detectable by the
methods applied. To address this issue, expression of HLAA2, as detected by the anti-HLA-A2 MoAb ITI-8G12 in
flow cytometry, were analyzed on CD34+ cells purified from
an HLA-A2' and an HLA-A2- individual. We were unable
to detect, even in low numbers, CD34+ cells from the HLAA2+ individual that apparently failed to express HLA-A2,
and CD34+ cells from the HLA-A2- individual that apparently expressed HLA-A2 (Fig 2). Thus, we consider the
detection of CD34+HLA-A2- cells as valid evidence for the
presence of donor-type CD34+ cells in our patient. Furthermore, we cite the demonstration of donor-type myeloid progenitors in functional assays as one piece of evidence for
engraftment of multipotent stem cells. Once again, identifying cells as donor-type relies on the absence of the HLAA2 allele. Expression of HLA-A2 cell surface molecules
might be modulated by in vitro culture. However, when
analyzing cells from cultures initiated by CD34+HLA-A2+
cells, we found HLA-A2 to be expressed uniformly on all
cells (Fig 3). For this reason, we consider it unlikely that
the HLA-A2- cells recovered from the cultures initiated by
CD34+HLA-A2- cells (Fig 3) actually represented outgrowth of contaminating recipient-type cells failing to express detectable HLA-A2 after extensive in vitro culture.
The flow cytometric analysis disclosing the presence of
donor-type B- and T-lymphocyte prprogenitors, but an apparent absence of donor-type myeloid progenitors in our
patient, could indicate engraftment of common lymphoid
progenitor cells." However, the detection, by functional
assays, of donor-type myeloid progenitors and the detection
of donor-type CD34+HLA-DR- cells strongly favors engraftment of multipotent stem cells to bethe case in our
patient, and that donor-type B lymphopoiesis andmyelopoiesis are prevented in vivo. This finding is in contrast with
the notion that, when selective T-lymphocyte reconstitution
is the result of BMT for SCID, this results from direct migration of donor lymphohematopoietic stem cells to the thymus,
where they differentiate into T lymphocytes.2.2"The demonstration of donor-type CD34' BM cells 10 years after BMT
is incompatible with such an explanation being operative in
our patient with B-SCID.
Our data indicating engraftment of multipotent lymphohematopoietic stem cells pose the question of how donortype B-lymphoid and myeloid development is prevented. In
our patient, -2% of the CD34+ cells were of the donortype. This finding might suggest that lack of mature donortype B lymphocytes and myeloidcells were caused by inadequacy of "space" within the BM microenvironment' and/
or engraftment of a low number of CD34+ cells. However,
neither of these possiblities could account for the difference
in B-lymphocyte reconstitution observed in HLA-identical
and -nonidentical BMT for SCID.' Although donor-type myeloid progenitors could be detected in functional assays, the
lack of phenotypically defined'' donor-type myeloid progenitors in the presence of phenotypically defined donor-type B-

3588

TJBNNFJORD ET AL

ACKNOWLEDGMENT
We acknowledge Ranveig Bstrem for her excellent technical assistance. We thank Dynal for kindly providing immunomagnetic beads,
Steven C. Clark (Genetics Institute) for providing the cytokines,
Gustav Gaudemack for providing the HLA-A2 MoAb, and Erik
Thorsby and Stein A. Evensen for critically reading the manuscript.
REFERENCES
1. Rosen FS. Cooper MD, Wedgwood RJP: The primary immu-

nodeficiencies. N Engl J Med 31 1:300, 1984
2. Fischer A: Severe combined immunodeficiencies. Immunodeficiency Rev 3:83, 1992
3. Fischer A, Griscelli C, Friedrich W, Kubanek B, Levinsky
R, Morgan G, Vossen J, Wagemaker G, Landais P Bone marrow
transplantation for immunodeficiencies and osteopetrosis: European
survey 1968-1985. Lancet 2:1080, 1986
4. Friedrich W, Goldman SF, Ebell W, Blutters-Sawatzki R, Gaedicke G, Raghavachar A, Peter HH, Belohradsky B, Kreth W, Kuhanek B, Kleihauer E: Severe combined immunodeficinecy:Treatment
by bone marrow transplantation in 15 infants using HLA-haploidentical donors. Eur J Pediatr 144:125, 1985
5. Fischer A, Landais P, Friedrich W, Morgan G, Gemtsen B,
Fasth A, Porta F, Griscelli C, Goldman SF, Levinsky R, Vossen
J: European experience of bone marrow transplantation for severe
combined immunodeficiency. Lancet 336350, 1990
6. Reinherz EL, Geha R, Rappeport JM, Wilson M, Penta AC,
Hussey RE, Fitzgerald KA, Daley JF, Levine H, Rosen FS, Schlossman S F Reconstitution after transplantation with T lymphocyte-

depleted HLA haplotype-mismatched bone marrow for severe combined immunodeficiency. Proc Natl Acad Sci USA 79:6047, 1982
7. Reisner Y, Kapoor N, Kirkpatrick D, Pollack MS, Cunningham-Rundles S, Dupont B, Hodes MZ, Good RA, O’Reilly RJ:
Transplantation for severe combined immunodeficiency with HLAA, B,D, DR incompatible parental marrow cells fractionated by
soybean agglutinin and sheep red blood cells. Blood 61:341, 1983
8. O’Reilly RJ, Keever CA, Small TN, Brochstein J: The use of
HLA-non-identical T-cell depleted marrow transplants for correction
of severe combined immunodeficiency disease. Immunodeficiency
Rev 1:273, 1989
9. Wijnaendts L, Le Diest F, Griscelli C, Fischer A: Development
of immunologic functions after bone marrow transplantation in 33
patients with severe combined immunodeficiency. Blood 74:22 12,
1989
10. Rosen FS, Wedgwood RJ, Eibl M, Griscelli C, Seligmann M,
Aiuti F, Kishimoto T, Matsumoto S , Khakhalin LN, Hanson LA,
Hitzig WH, Thompson RA, Cooper MD, Good RA, Waldmann TA:
Primary immunodeficiency diseases. Report of a WHO scientific
group. Immunodeficiency Rev 3:195, 1992
11. Knobloch C, Goldmann SF, Friedrich W: Self-nonself discrimination and repertoire selection of human T cells differentiated
in an HLA-semiallogeneic environment following bonemarrow
transplantation for severe combined immunodeficiency.Eur J Immuno1 21:2479, 1991
12. Knobloch C, Goldmann SF, Friedrich W: Limited T cell receptor diversity of transplacentally acquired maternal T cells in severe combined immunodeficiency. J Immunol 146:4157, 1991
13. Knobloch C, Friedrich W: T cell receptor diversity in severe
combined immunodeficiency following HLA-haploidentical bone
marrow transplantation. Bone Marrow Transplant 8:383, 1991
14. Egeland T: Stem cell isolation and purification, in Kemshead
JH (ed): Magnetic Seperation Techniques Applied to Cellular and
Molecular Biology. Sommerset, UK, Wordsmiths’ Conference Publications, 1991, p 135
15. Smeland EB, Fcnderud S, Kvalheim G, Gaudemack G, Rasmussen AM, Rusten L, Wang MY, Tindle RW, Blomhoff HK, Egeland T: Isolation and characterization of human hematopoietic progenitor cells: An effective method for positive selection of CD34’
cells. Leukemia (Balt) 6:845, 1992
16. Tjennfjord GE, Veiby OP, Steen R, Egeland T: T lymphocyte
differentiation in vitro from adult human prethymic CD34+ bone
marrow cells. J Exp Med 177:1531, 1993
17. Steen R, Merkrid L, Tjennfjord GE, Egeland T: C-kit ligand
combined with GM-CSF and/or IL-3 can expand hematopoietic progenitor subsets that express CD34 for several weeks in vitro. Stem
Cells 12:214, 1994
18. Tjennfjord GE, Steen R, Evensen SA, Thorsby E, Egeland
T: Characterization ofCD34‘ peripheral blood cells from healthy
adults mobilized by recombinant human granulocyte colony-stimulating factor. Blood 84:2795, 1994
19. Uckun FM: Regulation ofhuman B-cell ontogeny. Blood
76: 1908, 1990
20. Griscelli C, Durandy A, Virelizier JL, Ballet JJ, Daguillard
F: Selective defect of precursor T cells associated with apparently
normal B lymphocytes in severe combined immunodeficiency. J
Pediatr 93:404, 1978
21. Schwarz K, Hansen-Hagge TE, Knobloch C, Friedrich W,
Kleihauer E, Bartram CR: Severe combined immunodeficiency
(SCID) in man: B cell-negative (B-) SCID patients exhibit an irregular recombination pattern at the ,J locus. J Exp Med 174:1039, 1991
22. Schuler W, Weiler U, Schuler A, Phillips RA, Rosenberg N,
Mak T W , Keamey JF, Perry RP, Bosma MJ: Rearrangement of
antigen receptor genes is defective in mice with severe combined
immune deficiency. Cell 46:963, 1986

Downloaded from http://ashpublications.org/blood/article-pdf/84/10/3584/615657/3584.pdf by guest on 27 February 2021

and T-lymphocyte progenitors may indicate that different
mechanisms are responsible for arresting donor-type myeloid
and B-lymphoid development in our patient.
The pathophysiology underlying the failure of lymphoid
development in B-SCID is not totally unraveled. However,
recent experimental data indicate a functional defect in rearranging the genes of the antigen receptor variable regions.”
This abnormality is analogous to the abnormality described
in a mouse model of SCID22-27
in which early B-lymphocyte
precursors (pro-B cells) in the absence of more mature cells
of the B-lymphoid lineage have been shown recently.**We
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“normal,” in vitro thymic microenvironment. These findings are compatible with the notion that a functional defect
in rearranging the genes encoding the antigen variable regions is responsible for the lack of mature B and T lymphocytes in B-SCID.
In conclusion, our results provide evidence for BM engraftment of multipotent stem cells in patients with selective
reconstitution of T-lymphocyte immunity after BMT for
B-SCID. The lack of mature donor-type B lymphocytes and
myeloid cells cannot be accounted for by the lack of donortype B-lymphoid and myeloid progenitors, but seems to be
related to a yet unidentified mechanism preventing maturation along these lineages. The detection of recipient-type Band T-lymphocyte progenitors is consistent with a pathophysiology in B-SCID attributed to defective rearrangement
of gene segments coding for antigen receptors, resulting in
abortion of early B and T lymphocytes during differentiation.
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