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Full hematopoietic engraftment after allogeneic bone marrow transplantation
without cytoreduction in a child with severe combined immunodeficiency
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Bone marrow transplantation (BMT) for
severe combined immunodeficiency
(SCID) with human leukocyte antigen
(HLA)-identical sibling donors but no
pretransplantation cytoreduction re-
sults in T-lymphocyte engraftment and
correction of immune dysfunction but
not in full hematopoietic engraftment. A
case of a 17-month-old girl with adeno-
sine deaminase (ADA) deficiency SCID
in whom full hematopoietic engraftment

developed after BMT from her HLA-
identical sister is reported. No myeloab-
lative or immunosuppressive therapy or
graft-versus-host disease (GVHD) pro-
phylaxis was given. Mild acute and
chronic GVHD developed, her B- and
T-cell functions became reconstituted,
and she is well almost 11 years after
BMT. After BMT, repeated studies dem-
onstrated: (1) Loss of a recipient-spe-
cific chromosomal marker in peripheral

blood leukocytes (PBLs) and bone mar-
row, (2) conversion of recipient red blood
cell antigens to donor type, (3) conver-
sion of recipient T-cell, B-cell, and granu-
locyte lineages to donor origin by DNA
analysis, and (4) increased ADA activity
and metabolic correction in red blood
cells and PBLs. (Blood. 2001;97:809-811)
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Introduction

Severe combined immunodeficiency (SCID) involves a failure of T
cells to proliferate to various stimuli and a failure of B cells to
produce specific antibodies.1,2 Adenosine deaminase (ADA) defi-
ciency, an autosomal recessive genetic defect, produces a SCID
phenotype.3,4 The enzyme defect leads to an abnormality in purine
nucleoside metabolism that interferes with lymphocyte viability
and function. ADA-deficient SCID is characterized by growth
delay, candidiasis, respiratory infections, opportunistic infections,
and, without specific therapy, early death.5 Low or absent ADA
activity in erythrocytes or other cells is diagnostic.

Bone marrow transplantation (BMT) is effective therapy for
SCID. The profound T-cell dysfunction associated with ADA-
deficient SCID prevents graft rejection and permits BMT without
conditioning with an HLA-matched sibling donor.1,2,6Success rates
are greater than 90%, with full recovery of T-cell and B-cell
functions.6 Complete T-cell engraftment is routinely demonstrated,
and approximately 50% of patients demonstrate engraftment of
donor B cells.7 Without conditioning, host hematopoiesis persists
with no evidence of myeloid or erythroid engraftment.5,7-9

Study design

J.L., a 17-month-old girl, presented with fever, vomiting, cough, skin
ulcers, a history of failure to thrive, recalcitrant thrush, chronic respiratory
infections, and recurrent otitis media. Immunizations were current. Family
history was negative for immunodeficiency. Physical examination revealed
an ill-appearing white female with weight and height below the fifth
percentile, a paucity of lymph nodes, and no hepatosplenomegaly.

Laboratory evaluation revealed normal hemoglobin and platelet counts.
The white blood cell count was 1600/cmm (normal, 6000-17 000/cmm) and
consisted of 10% neutrophils, 20% lymphocytes, 65% monocytes, and 4%
eosinophils. Liver function test results were normal. Titers were negative
for human immunodeficiency virus, cytomegalovirus, hepatitis B virus,
herpes simplex virus, Epstein-Barr virus, adenovirus, poliovirus,Toxo-
plasma, andChlamydia trachomatis.

ADA activity was deficient in erythrocytes and in peripheral blood
mononuclear cells; purine nucleoside phosphorylase (PNP) activity was
normal in both cell types (Table 1). Metabolic findings in erythrocytes were
consistent with ADA deficiency, including elevated deoxyadenosine nucle-
otide (dAXP) of 0.491 mol/mL packed cells (normal, less than 0.002
mM/mL), and reduced S-adenosylhomocysteine hydrolase activity of 0.42
nmol/h/mg protein (normal, 4.26 1.9).3

A 3-year-old sister was HLA-identical (A2, A3, B35, B27, Cw2, Cw4,
DRB1*01, and DRB1*04). Without myeloablative or immunosuppressive
therapy, the patient was infused with 7.63 108 unfractionated nucleated
marrow cells per kilogram from her sister. After BMT, the patient engrafted
rapidly, remained well, and required no blood products (Figure 1).
Biopsy-proven grade I skin graft-versus-host disease (GVHD) developed at
day 39 after BMT and resolved with topical corticosteroids. Three months
after BMT, she developed vomiting and diarrhea with elevated absolute
neutrophil and lymphocyte counts (Figure 1). Liver function tests revealed
the following values: aspartate aminotransferase, 270 IU/L (normal, 0-30
IU/L); alanine aminotransferase, 262 IU/L (normal, 7-56 IU/L); and
g-glutamyl transpeptidase, 123 IU/L (normal, 8-78 IU/L). The illness
resolved rapidly, and liver function findings were normal 3 months later.

Eleven months after BMT, lichenoid skin lesions developed that were
consistent with chronic GVHD; they completely resolved after 11 months
of oral and topical corticosteroid therapy. A dermatofibrosarcoma protuber-
ans was completely excised from the patient’s left forearm 8 years after
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BMT. At long-term follow-up, the patient is well, has no sequelae from
BMT, and shows no evidence of immunodeficiency.

Two-color flow cytometric analysis for lymphocyte phenotyping,10

natural killer cell assays,11 cell proliferation assays,12 and red blood cell
antigen typing13 were performed as described. GW-banding procedures14

demonstrated a 1qh1 polymorphism in the recipient’s phytohemagglutinin
(PHA)-stimulated peripheral blood lymphocytes (PBLs) and unstimulated
BM. For DNA studies, T cells and B cells were isolated with antibody-
coated magnetic beads and granulocytes enriched by Ficoll separation.
DNA was extracted from each fraction, and amplification of short tandem
repeats was performed.15ADA activity, PNP activity, and dAXP levels were
measured as previously described.16,17ADA genotype was determined with
DNA extracted from fibroblasts cultured from the dermatofibrosarcoma
protuberans through single-strand conformational polymorphism analysis
of ADA exons 4 and 5. The procedures used for exon 5 have been
reported.18 For exon 4, a genomic segment (base pair [bp] 24 787-25 481)
was first amplified using the following: primer 1, (1) 59-GTA TGC AGT
TCC AAA GTA GAG CTG; primer 2, (2) 59-CAG TTA TGA AGT TAG
AGC AGG ACC. The product was then subjected to nested polymerase
chain reaction of bp 24 900 to 25 261 using the following: primer 3, (1)
59-gcg gaa gct tGG ATG TCA TTT GCT CCT G (59 end-labeled with
g32P-dATP); primer 4, (2) 59-gcg cga att cCA TCT TTC TGA GGC CAT G
(lowercase denotes nongenomic 59 extensions). The final exon 4
polymerase chain reaction product was then sequenced.

Results and discussion

Allogeneic BMT is effective treatment for various inherited defects
of the pluripotent hematopoietic progenitor cell (HPC). An immu-

nosuppressive and myeloablative preparative regimen is usually
necessary to suppress the host’s immune system to prevent
rejection of the infused stem cells. The only exception to the above
experience is in BMT for SCID, when a matched sibling or a
T-depleted haploidentical stem cell donor is available. Because of
the host’s severe immune dysfunction, the donor graft is not
rejected.2 Only T-cell progenitors, which have a selective growth
advantage over endogenous host T cells, engraft.5,7 After BMT all
erythroid and myeloid precursors remain of recipient origin.1 After
unconditioned BMT for SCID with an HLA-matched sibling donor,
T-cell function is restored in a few weeks and B-cell function in a
few months.6 Normalization of B-cell function does not necessarily
reflect donor B-cell engraftment.5,9 In many cases, B-cells remain
partially or completely of host origin, but they function normally in
the presence of donor T cells. Natural killer cells may also be of
donor, host, or mixed origin after unconditioned BMT.5,8

We report a patient with classic ADA-deficient SCID, heteroal-
lelic for 2 previously reported ADA missense mutations, R101Q
(exon 4) and R156C (exon 5).18-20Before BMT she had lymphope-
nia, absent B cells, an inverted CD4/CD8 ratio, absent natural killer
activity, and markedly depressed in vitro mitogen response to
pokeweed, concanavalin A, and phytohemagglutinin. Her bone
marrow had normal cellularity with depressed T- and B-cell
numbers for her age. After BMT, all the above evaluations
gradually normalized. In addition, we found multiple markers
confirming complete erythroid and myeloid engraftment.

Recipient and donor were both blood group A Rh-positive. The
recipient (Jka negative, E positive) had complete conversion to
donor erythrocyte antigens (Jka positive, E negative) when studied
at 4 and 26 months after BMT. Anti-B was weakly detected before
BMT and strongly detected 26 months after BMT.

Before BMT, all mitoses in the BM demonstrated the 1qh1
polymorphism. At 1 and 3 months after BMT, analysis of PHA-
stimulated PBLs demonstrated mixed chimerism. Full donor
engraftment was found at 6 months, and all subsequent findings of
PBLs and BM (at 1 and 8 years) have remained of 100% donor
origin (Figure 1).

For DNA studies, 9 short tandem repeat markers were analyzed.
Informative loci (D3S1358, FGA, TH01, TPOX, CSF1PO,
D13S317, and D7S820) collectively demonstrated that all cell
types (T, B, and granulocyte-enriched) in the specimen studied
were of donor origin after BMT.

After BMT, ADA activity in erythrocytes and blood mono-
nuclear cells increased to the level found in the donor (Table 1).
Erythrocyte dAXP level was less than 0.01 nmol/mL packed cells
in all samples obtained after BMT. All the above studies demon-
strated complete T, B, erythroid, and myeloid cell engraftment from
6 months after BMT without any evidence of mixed chimerism.

After BMT the host HPC ceased to function in our patient.
Because no episode of pancytopenia or marrow aplasia occurred,
transient mixed chimerism of host and donor hematopoiesis must

Figure 1. Graphic representation of hematologic parameters and engraftment
status at selected times after bone marrow transplantation. Blood components
(absolute lymphocyte count [ALC], absolute neutrophil count [ANC], platelets) and
hemoglobin values are shown in the lower panel. Percentage donor cells analyzed by
cytogenetics in the recipient after transplantation are shown in the top panel. A
specific 1qh1 polymorphism was detected in the recipient before BMT. At 1 and 3
months after BMT, analysis of PHA-stimulated PBLs demonstrated mixed chimerism.
Full donor engraftment was found at 6 months, and all subsequent findings of PBLs
and BM (at 1 and 8 years) have remained 100% of donor origin.

Table 1. Adenosine deaminase and purine nucleoside phosphorylase activity in red blood cells and peripheral blood mononuclear cells

Erythrocytes Mononuclear cells

ADA PNP ADA PNP

Patient Before BMT 0.98 1259 0.71 3062

Patient After BMT 17.6 6 6.6 1585 6 104 1176 6 1082 5970 6 2861

Donor 18.4 1744 937 5179

Normal levels 63 6 41 1336 6 441 1197 6 516 3007 6 824

ADA indicates adenosine deaminase; PNP, purine nucleoside phosphorylase; BMT, bone marrow transplantation.
Enzyme activities are expressed as nmol/h/mg protein. Pre-BMT patient and donor values are from single samples. Normal values and post-BMT data for the patient are

given as mean 6 SD. Post-BMT patient samples were obtained on 4 occasions—at 16 months, 26 months, 47 months, and 127 months after transplantation.
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have developed. Over time the host stem cells ceased to function,
and only the donor stem cells and their progeny persisted. The most
appealing speculation for this observation is the development of
donor T-cell–mediated GVHD reaction that targeted and destroyed
the host HPC without other manifestations of significant GVHD.
Approximately 3 months after transplantation, the child had an
episode of vomiting, diarrhea, and elevated liver enzyme levels. At
that time a significant increase in hemoglobin, platelet, absolute
neutrophil, and absolute lymphocyte counts were found that
persisted into long-term follow-up (Figure 1). The patient’s cytoge-
netic studies also changed during this period, from 50% to 80%
donor cells, with 100% donor cells present at 6 months and later
(Figure 1).

It has been reported that severe GVHD with pancytopenia and
aplasia develop in infants with SCID after in utero engraftment
with maternal cells.21 In addition, transfusional GVHD in immuno-
deficient infants is characterized by the development of severe
GVHD and aplastic anemia, as is transfusional GVHD in immuno-
competent patients after open heart surgery.22,23 In all the above
examples, donor T-lymphocytes mediate host hematopoietic stem
cell destruction and lead to the development of marrow aplasia and
severe pancytopenia. However, unlike our experience, fatal GVHD
developed in all the reported recipients.

An alternative hypothesis is that because ADA-sufficient cells
(donor) have a selective growth advantage over ADA-deficient

cells (host), donor HPC engraftment would occur. However, in all
reported cases of BMT in ADA SCID, host erythropoiesis and
myelopoiesis persist.

Our observation is certainly rare. The Buckely et al9 survey of
87 patients with SCID who underwent either HLA-haploidentical
or HLA-identical BMT without a preparative regimen or GVHD
prophylaxis found no case of complete hematopoietic engraftment,
though red cell typing was not specifically noted. Haddad et al8

recently reported that 2 of 8 patients with SCID with B cells had
evidence of some donor-derived monocytes after HLA-haploidentical,
T-cell–depleted BMT without a preparative regimen. None of the 5
HLA-identical BMT patients had donor-derived monocytes. We suggest
that investigators following up patients with SCID who underwent
transplantation without a preparative regimen look for evidence of
partial or complete myeloid and erythroid engraftment in their patients.
Identification and further study of this phenomenon may lead to a better
understanding of allogeneic tolerance.

Acknowledgments

We thank Dr F. X. Arredondo-Vega for assistance in performing
ADA genotype analysis and Dr Roger Kobayashi for referring the
patient to us.

References

1. Kapoor N, Crooks G, Kohn DB, Parkman R. He-
matopoietic stem cell transplantation for primary
lymphoid immunodeficiencies. Semin Hematol.
1998;35:346.

2. O’Reilly RJ, Friedrich W, Small TN. Hematopoi-
etic cell transplantation for immunodeficiency dis-
eases. In: Thomas ED, Blume KG, Forman SJ,
eds. Hematopoietic Cell Transplantation. Malden,
MA: Blackwell Science; 1999:1154.

3. Hershfield MS. Adenosine deaminase deficiency:
clinical expression, molecular basis and therapy.
Semin Hematol. 1998;35:291.

4. Arredondo-Vega FX, Santisteban I, Daniels S,
Toutain S, Hershfield MS. Adenosine deaminase
(ADA) deficiency: genotype-phenotype correla-
tions based on expressed activity of 29 mutant
alleles. Am J Hum Genet. 1998;63:1049.

5. Van Leeuwen JEM, van Tol MJD, Joosten AM, et
al. Relationship between patterns of engraftment
in peripheral blood and immune reconstitution
after allogeneic bone marrow transplantation for
(severe) combined immunodeficiency. Blood.
1994;84:3936.

6. Porta F, Friedrich W. Bone marrow transplanta-
tion in congenital immunodeficiency disease.
Bone Marrow Transplant. 1998;21(suppl):S21.

7. Weinberg KI, Kohn DB. Gene therapy for con-
genital lymphoid immunodeficiency diseases. Se-
min Hematol. 1998;35:354.

8. Haddad E, Le Deist F, Aucouturier P, et al. Long-
term chimerism and B-cell function after bone
marrow transplantation in patients with severe
combined immunodeficiency with B cells: a
single-center study of 22 patients. Blood. 1999;
94:2923.

9. Buckley RH, Schiff SE, Schiff RI, et al. Hemato-
poietic stem-cell transplantation for the treatment
of severe combined immunodeficiency. N Engl
J Med. 1999;340:508.

10. Bishop MR, Tarantolo SR, Jackson JD, et al. Allo-
geneic blood stem cell collection following mobili-
zation with low-dose granulocyte colony-stimulat-
ing factor. J Clin Oncol. 1997;15:1601.

11. Whiteside TL, Rinaldo CR, Herberman RB. Cyto-
lytic cell functions. In: Rose NR, De Marcario EC,
Fahey JL, Friedman H, Penn GM, eds. Manual of
Clinical Laboratory Immunology. 4th ed. Wash-
ington, DC: American Society for Microbiology;
1992:220-230.

12. Fletcher MA, Klimas N, Morgan R, Gjerset G.
Lymphocyte proliferation. In: Rose NR, De Mar-
cario EC, Fahey JL, Friedman H, Penn GM, eds.
Manual of Clinical Laboratory Immunology. 4th
ed. Washington, DC: American Society for Micro-
biology; 1992:213.

13. Vengelen-Tyler V, ed. Technical Manual. 12th ed.
Bethesda, MD: American Association of Blood
Banks. 1996.

14. Sanger WG, Armitage JO, Bridge JA, Weisen-
burger DD, Fordyce-Boyer R, Purtilo DT. Initial
and subsequent cytogenetic studies in malignant
lymphoma. Cancer. 1987;60:3014.

15. Rubocki RJ, Duffy KJ, Shepard KL, McCue BJ,
Shephard SJ, Wisecarver JL. Loss of heterozy-
gosity detected in a short tandem repeat (STR)
locus commonly used for human DNA identifica-
tion. J Forensic Sci. 2000;45:1087-1089.

16. Hershfield MS, Buckley RH, Greenberg ML, et al.

Treatment of adenosine deaminase deficiency
with polyethylene glycol-modified adenosine
deaminase. N Engl J Med. 1987;316:589.

17. Santisteban I, Arredondo-Vega FX, Kelly S, et al.
Novel splicing, missense, and deletion mutations
in 7 adenosine deaminase deficient patients with
late/delayed onset of combined immunodefi-
ciency disease: contribution of genotype to phe-
notype. J Clin Invest. 1993;92:2291.

18. Ozsahin H, Arredondo-Vega FX, Santisteban I, et
al. Adenosine deaminase (ADA) deficiency in
adults. Blood. 1997;89:2849.

19. Bonthron DT, Markham AF, Ginsberg D, Orkin
SH. Identification of a point mutation in the aden-
osine deaminase gene responsible for immuno-
deficiency. J Clin Invest. 1985;76:894.

20. Hirschhorn R. Identification of two new missense
mutations (R156C and S291L) in two ADA-SCID
patients unusual for response to therapy with par-
tial exchange transfusions. Hum Mutat. 1992;1:
166.

21. Grogan TM, Broughton DD, Doyle WF. Graft-ver-
sus-host reaction (GVHR): a case report suggest-
ing GVHR occurred as a result of maternofetal
cell transfer. Arch Pathol. 1975;99:330.

22. Hathaway WE, Fulginiti VA, Pierce CW, et al.
Graft-vs-host reaction following a single blood
transfusion. JAMA. 1967;201:1015.

23. Thaler M, Shamiss A, Orgad S, et al. The role of
blood from HLA-homozygous donors in fatal
transfusion-associated graft-versus-host disease
after open-heart surgery. N Engl J Med. 1989;
321:25.

FULL ENGRAFTMENT AFTER UNCONDITIONED BMT FOR SCID 811BLOOD, 1 FEBRUARY 2001 z VOLUME 97, NUMBER 3

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/97/3/809/1671153/809.pdf by guest on 18 M

ay 2024


