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Transplantation of highly purified peripheral blood CD341 cells from
HLA-mismatched parental donors in 14 children: evaluation of early monitoring of
engraftment
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HLA-mismatched family members may represent an important
cell source for patients that require stem cell transplantation
but lack both a matched sibling donor and a closely matched
unrelated donor. We report the outcome of 19 transplantations
from HLA two- or three- loci mismatched parental donors in
which 14 pediatric patients with hematological malignancies or
other disorders, received a median of 21.5 3 106 (range, 5.4–
58) highly purified CD341 peripheral blood stem cells (PBSC),
as well as 4.7 3 104 (range, 0.4–12) donor T cells per kg body
weight. T cell depletion was performed using a two-step CD34-
positive selection on two different magnetic beads devices. Ten
of 14 patients presented with rapid myeloid engraftment. The
four patients who presented with graft failure (two non-
engraftments, two rejections) received a second stem cell graft
and one a third. Graft rejection was detected early by poly-
merase chain reaction (PCR) analysis of FACS-sorted T cells.
Eight of the 14 patients are still alive after a median observation
period of 15.6 months (range, 3–31.3) with full donor chimerism
in all hematopoietic cell lineages. No acute organ graft-versus-
host disease (GVHD) and no chronic GVHD have occurred. One
patient experienced relapse of leukemia. We conclude that
transplantation of allogeneic PBSC from haploidentical donors
will open new perspectives for pediatric patients for whom an
HLA-matched stem cell graft is not available. Close monitoring
of recipient and donor hematopoiesis might be of clinical value,
to recognize early engraftment or rejection.
Keywords: PBSCT; mismatched; magnetic beads; engraftment;
chimerism; rejection

Introduction

Various hematopoietic disorders and malignancies can be
cured by transplantation of allogeneic hematopoietic stem and
progenitor cells contained in bone marrow (BM), cord blood
or peripheral blood (PB). Over the last years, the use of the
latter cell source has increased for several reasons: (1) The
majority of PBSC is less committed than their BM counter-
parts;1 (2) the engraftment kinetics were found superior after
transplantation of recombinant human (rh) granulocyte
colony-stimulating factor (G-CSF)-mobilized PBSC;2 and (3)
both the short-term side-effects and the collection procedure
seem acceptable for healthy donors.3 Only 25–30% of
patients eligible for allogeneic stem cell transplantation (SCT)
have an HLA-matched sibling donor, and only half of the
remainders find an HLA-matched unrelated donor. In vivo
and/or in vitro T cell depletion has been applied widely to
reduce complications from acute or chronic graft-versus-host
disease (GVHD).4,5 This procedure has shown to be associated
with a higher risk of graft failure,6 with a reduced graft-versus-
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leukemia (GVL) effect in patients with malignancies, and with
long-lasting immune deficiency.7 Animal studies have demon-
strated that a dramatic increase of stem cell dose might over-
come HLA barriers.8 In man, the combination of T cell-
depleted BM with PBSC from G-CSF-mobilized haploidentical
donors led to sustained engraftment in patients suffering from
advanced leukemia.9 To reduce the risk of rejection and
relapse, these patients were treated with highly myeloablative
and immunosuppressive chemotherapy including single dose
total body irradiation (TBI) which might have adverse long-
term effects in young children. Our aim was to apply con-
ditioning regimens that were sufficiently cyto- and immuno-
toxic to control malignant disease on the one hand and enable
engraftment of highly T cell-depleted PBSC on the other hand.
We wanted to gain information on hematopoietic reconsti-
tution by very close monitoring of the donor/patient chimer-
ism, with particular emphasis on early detection of rejection
or non-engraftment, because long-lasting aplasia raises the
risk of severe infections.

Materials and methods

Patient characteristics

Between September 1996 and January 1999, 14 children (11
males, three females) underwent allogeneic transplantation
with PBSC from HLA-mismatched parental donors. All
patients lacked an HLA-identical family donor, a matched
unrelated donor and a suitable cord blood specimen. The
patients were treated for different disorders including chronic
myeloid leukemia (CML) in 3rd chronic phase (n = 2), acute
myeloid leukemia/myelodysplastic syndrome (AML/MDS) (n =
2), high risk (HR) acute lymphoblastic leukemia (ALL) in 2nd
and 3rd remission after very early bone marrow relapse (n =
3), ALL relapse after allogeneic bone marrow transplantation
(BMT) from an unrelated donor (n = 1), ALL (t9;22) in 1st
remission after non-engraftment of allogeneic BM from an
unrelated donor (n = 1), very severe aplastic anemia (vSAA, n
= 1), familial hemophagocytic lymphohistiocytosis (FHL, n =
2), Kostmann syndrome (KS, n = 1) non-responsive to rhG-
CSF treatment and Fanconi anemia (FA, n = 1). The patients’
age at the time of transplantation ranged from 1.7 to 18 years
(median 5.1 years), the median body weight was 27.6 kg
(range, 13.5–98.8). The median interval between diagnosis
and PBSC transplantation (PBSCT) was 21.8 months (range,
3.8–84.6). The median duration of follow-up was 15.6 months
(range, 3–31.3) (Table 1). Eleven patients had received differ-
ent courses of chemotherapy before conditioning for SCT,
nine of them were heavily pre-treated, particularly those with
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advanced leukemia or due to prior conditioning regimen for
allogeneic SCT.

GVHD prophylaxis

Patients with leukemia did not receive any pharmacological
GVHD prophylaxis. All other patients received 1.5 mg/kg
cyclosporine A (CsA) intravenously twice daily commencing
on day −1. When applicable, oral administration was pre-
ferred (3 mg/kg/day) and was tapered down if no GVHD
occurred after T cell engraftment.

Conditioning regimens

Antithymocyte globulin (ATG) was administered daily from
days −3 to −1. Nine patients received horse ATG at a daily
dose of 20 mg/kg body weight (Lymphoglobulin, Pasteur-
Merieux, Lyon, France). Five patients were treated with rabbit
ATG, the daily dose was 5–10 mg/kg body weight
(Thymoglobulin; Pasteur-Merieux). In a previous escalation
study the administration of both ATG preparations (horse or
rabbit) proved to be safe and effective.10 All patients received
additional myeloablative and immunosuppressive treatment
with busulphan (BU) or fractionated total body irradiation
(FTBI, 6 MV linear accelerator, 8 × 1.5 Gy on 4 consecutive
days, dose rate 50 cGy/min, lung shielding at 10 Gy). 1 mg/kg
BU was given orally every 6 h for 4 days (total dose 16 mg/kg).
The patients with vSAA and FA received total lymphoid
irradiation (TLI) (2 × 2.5 Gy within 12 h) instead of FTBI or BU.
IN addition, 2 × 5 mg/kg thiotepa and 2 × 50–60 mg/kg cyclo-
phosphamide (CY) were administered (Table 1). Conditioning
after rejection in two patients consisted of rabbit ATG at a
daily dose of 10 mg/kg given on days −4, −3 and −2, two
doses of 5 mg/kg thiotepa on day −4 and 100 mg/m2 mel-
phalan on day −1 before the second PBSCT. Two patients who
presented with non-engraftment received a murine mono-
clonal antibody to human CD3+ cells (Orthoclone OKT3;
Janssen-Cilag, Saunderton, UK) before the second transplan-
tation. One of these patients experienced rejection of the
second graft and was conditioned with TLI and fludarabine.

Supportive care

All patients were nursed in laminar air flow rooms with high-
efficiency particular air filtration. They received
non- absorbable antibiotics (paramomycin, vancomycin) for
complete gut decontamination and oral amphotericin B.
Furthermore, trimethoprime/sulfamethoxazole was given for
Pneumocystis carinii prophylaxis. All patients had a double
lumen Hickman line to enable infusion support and blood
sampling. Intravenous immunoglobulin was given every
second week. All blood products were irradiated (30 Gy) and
filtered. Platelets were derived from cytomegalovirus (CMV)-
negative single donors. All patients with myeloablative ther-
apy received nasogastric tubes on day −1 to facilitate enteral
nutrition and oral decontamination. In addition, all patients
received parenteral nutrition until sufficient oral intake was
possible. Acyclovir was given for herpes simplex prophylaxis
from day −7 until discharge. Those patients with CMV-PCR
evidence received ganciclovir instead of acyclovir. Hemato-
poietic growth factors were not administered prophylactically.

Donors

Parents were assessed for the degree of mismatch by HLA
typing and mixed lymphocyte cultures. Class I HLA-A and
HLA-B typing was performed by microcytotoxicity assays.
Class HLA-II alleles were determined by PCR-sequence-
specific oligonucleotide probe (PCR-SSOP) typing, including
DRB1, DRB3 and DQB. The differing HLA loci and the donor
characteristics are summarized in Table 2.

In 11 cases the father served as stem cell donor and the
mother in three. The donor age ranged from 23 to 47 years
(median 35.5 years). CMV serology was negative in six donors
and positive in eight. After approval by a local ethical commit-
tee, consent to cytokine mobilization and apheresis procedure
was obtained. All donors were stimulated with 10 mg/kg rhG-
CSF (Filgrastim; Amgen, Thousand Oaks, CA, USA) beginning
4 days before the first apheresis. One to three leukaphereses
were performed via peripheral venous access. The CS 3000+
(Baxter, Irvine, CA, USA) or the Cobe Spectra (Cobe BCT,
Lakewood, CO, USA) were used for cell separating. The entire
blood volume was processed three to five times for each col-
lection, resulting in a total cell yield of median 5.3 × 1010

nucleated cells (NC, range 1.7–8.9). If a minimum of 20 × 106

CD34+ cells/kg of recipient’s body weight could not be
obtained, stimulation was continued and additional leukaph-
eres were performed. All donors were monitored carefully
after the aphereses by evaluating blood and infection
parameters.

CD34-positive selection

Positive selection to enrich CD34+ cells was started immedi-
ately after leukapheresis and performed separately for each
buffy using the Baxter Isolex 300i (Baxter, Irvine, CA, USA).
The cells obtained from this selection procedure (108–109 NC
in 100 ml) were purified further on the Super-MACS device
(Miltenyi, Bergisch Gladbach, Germany).11 After narrowing
down by centrifugation at 400 g, the cells were incubated at
a concentration of 3.3 × 108 cells per ml, with CD34-coupled
microbeads (100 ml per 108 NC) for 30 min at room tempera-
ture. After one washing step in calcium- and magnesium-free
phosphate-buffered saline (supplemented with 1% human
serum albumin and 0.5% sodium citrate) to remove unbound
monoclonal antibodies, the cells were resuspended in 50–
100 ml of the same buffer and transferred to a 50 ml or a
120 ml syringe (Ivac, Newark, NJ, USA). A perfusor pump
(Ivac) set at a speed of 500 ml/h was used to provide a con-
stant flow over a large-size (xs+) column (Miltenyi). The latter
was placed within the Super-MACS magnetic field and
connected to a second syringe to collect unbound cells.
Application of the cell suspension was followed by 50 ml of
washing buffer before the column was removed from the mag-
net. Another pair of 50 ml syringes was used to flush the selec-
ted target cells out of the column. Quantitative flow cyto-
metric (FACS) analyses were performed on the original
material as well as the positive and negative cell fractions
assessing all leukocyte subtypes. All FACS data were evalu-
ated before transfusion of the CD34+ cells. Upon processing
the highly purified PBSC, a total volume of 50 to 100 ml
was transfused.
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Blood samples were analyzed daily between infusion of the
transplant and hematopoietic reconstitution, using a routine
three- or four-color flow cytometric (FACS) approach to quan-
tify circulating leukocytes in PB of myeloablated patients
(,100 NC/ml). Cell preparation for FACS analysis was
performed as described elsewhere.12 Chimerism analysis was
performed by PCR amplification of highly polymorphic micro-
satellite markers (STR-PCR). DNA was extracted from samples
containing 2 × 101–5 × 105 NC, by standard techniques, with
minor modifications and subjected to PCR analysis with pri-
mers encompassing an informative short tandem repeat (STR)
locus. After enzymatic amplification for 40 cycles under stan-
dard conditions, PCR products were separated on 12% poly-
acrylamide gels and were visualized using ethidium bromide
or SYBR green staining (Molecular Probes, Leiden, The
Netherlands). Mixed chimerism was assessed by optical
methods.

Assessment of engraftment, toxicity and GVHD

Neutrophil recovery was defined as the first of 3 consecutive
days with an absolute neutrophil count (ANC) .0.5 × 109/l.
Platelet recovery was defined as the 3rd day the platelet count
exceeded 20 × 109/l, with no requirement for platelet trans-
fusions within the following week. Diagnosis of GVHD was
based on clinical and histological criteria. Grading of GVHD
was performed according to the consensus criteria.13 Treat-
ment-related toxicity was scored as described elsewhere.14

Immunologic analysis

At selected time intervals, mononuclear cells were isolated
from heparinized blood, phenotyped by standard direct
immunofluorescence and functionally evaluated in microtiter
proliferation assays (100000 cells/well in 200 ml of X-VIVO
15 culture medium) following a 3-day stimulation course with
phytohemagglutinin A (PHA, 1 mg/ml), a mixture of staphylo-
coccal enterotoxin A and B (SEA/SEB, 100 ng/ml), or mono-
clonal antibodies recognizing CD2, CD2R and CD28 (OKT11
+ VIT13, Leu28; 2.5 mg/ml and 0.5 mg/ml, respectively). The
microtiter cultures were labeled with 0.5 mCi 3H-thymidine
and harvested 16 h later (proliferation assays), or supernatants
were collected on day 3 and analyzed by sandwich ELISA for
IL-2, IL4, IL10 and IFNg content.

Donor lymphocyte infusion

Five patients with advanced leukemia received donor lympho-
cyte infusions (DLI) between days 43 and 100. We aimed at
infusing 1–5 × 104 T cells per kg of recipient’s body weight,
and we used fresh unmanipulated citrated donor blood. At the
time of DLI, no peripheral lymphocytes were detectable in the
blood and no GVHD was apparent.

Results

Donors

After the first stimulation with 10 mg/kg rhG-CSF, a rapid
increment of the ANC was observed in PB, but sufficient

CD34+ numbers were not mobilized before day 4. Side-effects
included mild bone pain (66%), headache (66%), fatigue
(22%) and itching (11%), but did not exceed WHO toxicity
grade II. None of the donors took analgesics or discontinued
filgrastim application. All leukaphereses were performed by
peripheral venous access in an outpatient setting, and no sev-
ere side-effects were observed. Three parental donors insisted
on a second stimulation with rhG-CSF after occurrence of
non-engraftment or rejection. The second stimulation was as
effective as the first course, and side-effects were comparably
low. In two patients with graft failure the father was taken as
PBSC donor instead of the mother. No delayed adverse effects
of cytokine application have been detected so far.

Stem cell products

A median of 5.3 × 1010 NC (1.7–8.9) were collected in each
apheresis. The percentage of CD34+ leukocytes ranged from
0.27% to 2.0% (median 0.9%). After CD34-positive selection
on the Isolex 300i, the median purity of CD34+ cells was
89.6% (range, 57–95.4). The calculated recovery was 50.8%
(range, 38.8–66.4). The median percentage of CD34+ cells
dropped from 32% (range, 16.5–43) to 2.1% (range, 0.7–7).
After the second-step CD34-positive selection on the MACS
device, the median purity of CD34+ cells was 99.1% (range,
97.5–99.6). The final product contained a median of
21.5 × 106 (range, 5.4–58) CD34+ and a median of 4.7 × 104

(range, 0.4–12) CD3+ per kg of recipient’s body weight.

Hematopoietic engraftment, immunologic
reconstitution, relapse of leukemia

The appearance of monocytes and granulocytes in patients’
blood indicated the beginning of hematopoietic engraftment.
These cells always displayed donor genotype as identified by
PCR analysis of FACS-sorted cells. The first day of a stable
leukocyte count .200/ml was between days 8 and 15 (median
day 10), and an ANC count .500/ml blood was reached
between days 10 and 24 (median day 12). All patients
required blood cell support, after engraftment transfusion
independence for red cells was between days 6 and 83
(median day 25), and for platelets between days 6 and 72
(median day 23) (Table 3). The appearance of donor T cells
varied between day 12 and day 144 (median day 22).
Reconstitution of cellular immunity was monitored by in vitro
stimulation of isolated mononuclear cells with mitogens,
superantigens and monoclonal antibodies at several time
points. Three patients had substantial numbers of circulating
CD3+ cells as early as day 100, which responded with vigor-
ous proliferation and IL-2 production to mitogenic costimu-
lation. The remaining evaluable patients reconstituted
functionally between days 180 and 360.

One patient with ALL experienced leukemic relapse 376
days after haploidentical PBSCT, to date. She underwent
chemotherapy and two courses of donor lymphocyte infusions
from the original stem cell donor and is currently in
complete remission.

All patients are complete chimeras in all hematopoietic cell
lines as demonstrated by PCR analysis of FACS-sorted
leukocytes.
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Patient ANC Monocytes NK cells CD3+ CD4+ CD8+ CD19+ Platelets HGB
No. .500/ml day .50/ml .50/ml .50/ml .50/ml .50/ml .50/ml .20000/ml .8 g/dl
TX No. after PBST day day day day day day day day

1/1 NA 10 NA NA NA NA NA NA NA
1/2 17 16 20 144 60 128 56 72 83
2 24 18 22 79 NA NA 49 33 23
3 12 8 19 50 144 144 34 12 12
4/1 NA NA NA NA NA NA NA NA NA
4/2 11 11 21 56 70 56 42 15 12
5 15 13 15 22 22 22 41 10 6
6 13 11 18 60 NA NA 41 NA NA
7 11 9 13 21 NA NA 60 10 11
8/1 NA NA NA NA NA NA NA NA NA
8/2 23 10 ND NA NA ND NA 25 29
8/3 10 9 103 14 67 14 NA 54 55
9 11 10 35 84 84 84 57 98 17

10 11 11 18 NA NA NA NA NA NA
11 10 6 13 13 22 22 48 34 29
12 12 13 13 22 13 17 78 6 30
13 16 12 19 12 19 28 40 NA NA
14/1 12 9 NA NA NA NA NA NA NA
14/2 15 8 28 NA NA NA NA NA NA

NA, not achieved; ND, not done.

Non-engraftment, rejection

Two patients who had received relatively low numbers of
maternal PBSCs (both mothers mobilized few amounts of
CD34+ cells into the peripheral blood) had no detectable
increment of donor hematopoiesis until days 20 and 30,
respectively. In one patient (No. 8) we gave a PBSC boost after
application of OKT3, as T cells of recipient phenotype were
detectable. The mother of the second patient refused another
stem cell harvest and we therefore had to transplant paternal
stem cells. As we had to cross a different HLA barrier we
added fludarabine to OKT3 and the patient achieved
sustained engraftment.

Three patients rejected the graft on day 11, 14 and 34 after
PCR-proven occurrence of donor myelopoiesis. The T cells
detected by flow cytometry were of recipient genotype as
documented by STR-PCR on sorted cells. The majority was
positive for CD8+. During the following days, the donor mon-
ocytes, granulocytes and reticulocytes disappeared from PB.
PCR analysis of FACS-sorted BM aspirates confirmed the
rejection. Two patients underwent a second conditioning regi-
men and were re-transplanted with purified PBSCs from the
same donors. The second transplantation was successful in
one case, leading to a stable tri-lineage engraftment, whereas
the second patient died from multiple organ failure after
myeloid engraftment (Table 1).

The third patient who rejected the second graft from her
mother received TLI, CY, immunosuppression and PBSCs from
her haploidentical father and finally achieved sustained
engraftment.

Transplantation-associated complications

Although some of the patients had been heavily pre-treated,
the conditioning regimens were generally well tolerated. In
general, fever, skin rash and elevated CRP levels were
observed during ATG treatment. All children developed oro-
pharyngeal mucositis grade I–III and required systemic anal-

gesia. Diarrhea was common during the first 2 weeks after
PBSCT. Two patients developed generalized skin erythema
and edema followed by epidermal desquamation (grade III
and IV, respectively), as described after thiotepa application.15

The onset time of toxicity was days 5 and 11, respectively,
after thiotepa exposition and was a major contribution to the
fatal course in our patient with FA (see below).

Six patients did not experience any severe infection during
the early or late transplantation course. Five patients
developed CMV antigenemia as demonstrated by virus
nucleic acid (VNA)-PCR, and therefore received ganciclovir.
One of these patients experienced life-threatening CMV pneu-
monia and was treated with extracorporeal membrane oxy-
genation and lung transplantation. Despite temporary clear-
ance of CMV the new organ became infected and the patient
eventually died due to respiratory failure. The patient with FA
developed life-threatening enterosepsis with Pseudomonas
aeruginosa on day 2, with necrosis on the labium major. She
received a combination therapy of broad-spectrum antibiotics
and in addition, leukocyte transfusions from prednisone-
stimulated volunteer donors. In response to this treatment, she
showed complete resolution of the infection with demarcation
of the necrosis. However, she subsequently rejected the first
graft and had to undergo a second transplantation which was
complicated by severe skin toxicity from thiotepa, by capillary
leakage and by renal failure. Although myeloid engraftment
was evident, she died from multiple organ failure. One patient
developed enterococci sepsis and succumbed due to multiple
organ failure. The patient with vSAA not responding to any
immunosuppression (ie ATG, CsA and prednisone), experi-
enced life threatening parainfluenza-induced pneumonia and
gram-negative sepsis with renal and pulmonary failure. He
underwent PBSCT from his haploidentical father on the inten-
sive care unit. Patient No. 8, who underwent three PBSCTs,
developed candida sepsis after the second and CMV viremia
after the third PBSCT. As she had proven resistance to gan-
ciclovir, she received foscarnet and cidofovir and developed
reversible renal failure.

Seven patients have not developed any signs of acute or
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chronic GVHD so far. Four patients developed skin rash clini-
cal stage ++ (overall grade I) and one patient stage +++ (overall
grade II) when the first donor T cells became detectable in the
circulation. The histology of skin biopsies was compatible
with the features of acute GVHD, but not entirely conclusive.
Nevertheless, erythema and maculopapular rash disappeared
after treatment with prednisone. Three patients with leukemia
developed acute skin GVHD clinical stage + or ++ between
32 and 46 days after infusion of 1–5 × 104 CD3+ cells per kg
of recipient’s body weight as supplied prophylactically against
leukemia relapse. It cannot definitely be proven that the mild
skin GVHD was an effect of the initial SCT or if it was initiated
by the DLI, since the DLI was performed relatively early in
order to hinder an early relapse before T cell engraftment in
patients with high relapse risk for leukemia. No liver or gut
GVHD occurred in any patient within the observation period.
None of the patients demonstrate any signs of chronic GVHD.

Discussion

Despite the increasing availability of unrelated volunteer BM
donors, a substantial number of patients cannot find a suitable
stem cell graft within an acceptable time. Although the trans-
plantation of T cell-depleted, partially matched BM from rela-
tives has a relatively long history,16 it has been associated with
a higher incidence of graft failure and severe infectious com-
plications.17 To overcome this obstacle the number of infused
hematopoietic precursor cells was increased by adding PBSC
from the same donor18 to the BM grafts. For the donor, this
procedure is associated not only with adverse effects such as
stem cell mobilization by growth factors, but also with poten-
tial complications and discomfort during general anesthesia
and BM harvesting. On the other hand, it was demonstrated
that the transplantation of allogeneic PBSC from HLA-identical
donors, whether T cell depleted or not, is associated with sus-
tained engraftment and with decreased transfusion demand,
but not with a higher incidence of acute GVHD compared to
BM.19 Therefore, our intention was to confirm that a trilineage
engraftment is possible by transplanting exclusively PBSC
obtained from haploidentical parental donors.20

Only three of all parents had a favorable HLA constellation
(two HLA loci mismatched), and the criteria for donor selec-
tion (father or mother) were therefore CMV serology, younger
age, higher body weight and the feasibility of aphereses from
peripheral veins. All donors were monitored during stem cell
mobilization and aphereses, and after harvesting. In accord-
ance with others,21 the procedure was well tolerated in all
instances, and no severe side-effects occurred. Nevertheless,
long-term follow-up and careful evaluation of risk factors
associated with cytokine application and aphereses are
requested for the donors’ safety.

T cell-depleted BM has been applied widely as a prophylac-
tic measure against GVHD. T cell depletion by rosetting tech-
niques22 and by the use of monoclonal antibodies23 for pre-
vention of acute GVHD were performed. Particularly in BMTs
from HLA-mismatched donors this goal was hard to meet.
Especially rejection,24 Epstein–Barr virus (EBV)-associated B
cell lymphoproliferative disorders25 and relapse of leukemia
during the time of T cell reconstitution26 were sometimes the
price that had to be paid for an effective T cell reduction. In
our study we accomplished a highly effective T cell depletion
by combining two CD34-positive selection procedures and
additionally, ATG was given for preconditioning. The CD34+

cell fraction contained a median of 5 × 104 T cells per kg of

the recipient’s body weight as determined by FACS analysis.
The application of high doses of horse or rabbit ATG were
tolerated without severe side-effects and could contribute to
an additional graft rejection and GVHD prophylactic effect.
In fact, with the methods applied, incidence of GVHD was
low. It needs to be investigated within a larger cohort of
patients whether this regimen is able to reduce the occurrence
of leukemic relapse. Furthermore, because of our early, very
exact engraftment monitoring, we could document not only
the first signs of myeloid engraftment, but also rapidly prove
the definite presence of recipient CD8+ cells due to the FACS-
sorted lymphocytes. We achieved myeloid engraftment due to
rapid re-conditioning and transplantation of parental PBSCs in
all patients with graft failure. Alas, one patient with DNA fra-
gility succumbed due to organ toxicity. Our data demonstrate
that even without BM cells, the myeloid engraftment was
comparably fast with ANC .500/ml on median day 12. In
addition, the appearance of lymphocytes occurred within 12
and 144 days (Table 3). The time up to T cell engraftment was
independent not only of the T cell numbers transplanted, but
also of the HLA constellation, the CMV status and the con-
ditioning regimen. This early reconstitution might be influ-
enced by the young age of the recipients and the therefore
enhanced thymic regeneration but also due to the absence of
late acute or chronic GVHD.

The conditioning regimen used in our pilot protocol had to
meet the following requirements: (1) to enable engraftment
with highly purified stem cells from HLA-mismatched family
members; (2) to eradicate residual malignant cells in leukemia
patients; (3) to minimize toxicity in very young children; and
(4) to be available within a short time period to avoid danger-
ous complications during the waiting intervals for irradiation.
In our heterogeneous group of patients it was not possible to
apply a uniform conditioning regimen. In all leukemia patients
the regimen-related toxicity after first PBSCT was low,
although the children had advanced disease and had been
heavily pre-treated. When using alternative donors BU-based
regimens have been associated with an increased risk of graft
failure.27 Others have published data showing successful
engraftment with an irradiation-free conditioning regimen.28

In our study, one patient, who received a BU-based regimen,
had no engraftment. This was also true for another patient
conditioned with a TBI-containing regimen. We speculate,
that this was due to relatively low numbers of transplanted
CD34+ cells which might have been below a critical thres-
hold. Rejection occurred in two patients not conditioned with
thiotepa. This drug seems to play an important role in
conditioning for patients who receive an extensively T
cell-depleted transplant.29,30 After rejection both patients
experienced sustained engraftment receiving melphalan and
thiotepa but the toxicity of the second conditioning was fatal
in one patient with FA.

Infectious complications were the most common cause of
mortality in the post-transplant period in our patients. It is of
interest that none of our patients died during the phase of
agranulocytosis. Most problems occurred between days 30
and 80 when lymphocyte reconstitution was not evident.
These observations suggest the need for long-term immuno-
phenotypic monitoring as well as prolonged infection surveil-
lance and prophylaxis.

As described in other publications31 the relapse risk is
impressively low during the observed period, despite the
highly effective T cell depletion. Possibly, the pre-emptive
DLIs given at a later period contributed to this. An additional
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speculation is that of a higher GVL effect in the setting of
major HLA disparity.

In summary, we could demonstrate that in our unselected
group of patients, transplantation of high doses of purified
PBSCs obtained from HLA-mismatched parents, enables rapid
myeloid engraftment without severe acute or chronic GVHD.
The conditioning regimen applied induced remission of leuke-
mia refractory to chemotherapy in nine patients. We could
also show that an irradiation-free conditioning regimen
enables complete engraftment after haploidentical PBSCT.
Using very close monitoring of the donor/patient chimerism,
it was possible to detect graft failure at a very early stage and
carry out the appropriate re-conditioning and subsequent SCT.
Our study indicates that the methods introduced justify further
investigations to optimize SCT from HLA-mismatched family
donors. We suggest that this transplantation model should be
further developed, since it is readily available for most patients
who lack an HLA-matched donor and is possibly more econ-
omic in comparison to transplantations from unrelated donors.

References

1 Rice A, Boiron JM, Barbot C, Dupouy M, Dubsoc Marchenay N,
Dumain P, Lacombe F, Reiffers J. Cytokine-mediated expansion of
5-FU resistant peripheral blood stem cells and bone marrow: self-
renewal and commitment capacity. J Hematother 1994; 3: 135–
139.

2 Korbling M, Przepiorka D, Huh YO, Engel H, van Besien K, Giralt
S, Andersson B, Kleine HD, Seong D, Deisseroth AB. Allogeneic
blood stem cell transplantation for refractory leukemia and lym-
phoma: potential advantage of blood over marrow allografts.
Blood 1995; 85: 1659–1665.

3 Anderlini P, Korbling M, Dale D, Gratwohl A, Schmitz N, Stroncek
D, Howe C, Leitman S, Horowitz M, Gluckman E, Rowley S,
Przepiorka D, Champlin R. Allogeneic blood stem cell transplan-
tation: considerations for donors. Blood 1997; 90: 903–908.

4 Fleming DR, Henslee Downey PJ, Romond EH, Harder EJ, Marcin-
iak E, Munn RK, Messino MJ, Macdonald JS, Bishop M, Rayens
MK, Thompson JS, Foon KA. Allogeneic bone marrow transplan-
tation with T cell-depleted partially matched related donors for
advanced acute lymphoblastic leukemia in children and adults: a
comparative matched cohort study. Bone Marrow Transplant
1996; 17: 917–922.

5 Oakhill A, Pamphilon DH, Potter MN, Steward CG, Goodman S,
Green A, Goulden P, Goulden NJ, Hale G, Waldmann H, Cornish
JM. Unrelated donor bone marrow transplantation for children
with relapsed acute lymphoblastic leukaemia in second complete
remission. Br J Haematol 1996; 94: 574–578.

6 Lamb LS Jr, Gee AP, Parrish RS, Lee C, Walker M, Geier S, Harris
G, Pati A, Godder K, Henslee Downey PJ. Acute rejection of mar-
row grafts in patients transplanted from a partially mismatched
related donor: clinical and immunologic characteristics. Bone
Marrow Transplant 1996; 17: 1021–1027.

7 Kook H, Goldman F, Padley D, Giller R, Rumelhart S, Holida M,
Lee N, Peters C, Comito M, Huling D, Trigg M. Reconstruction
of the immune system after unrelated or partially matched T-cell-
depleted bone marrow transplantation in children: immunopheno-
typic analysis and factors affecting the speed of recovery. Blood
1996; 88: 1089–1097.

8 Bachar Lustig E, Rachamim N, Li HW, Lan F, Reisner Y. Megadose
of T cell-depleted bone marrow overcomes MHC barriers in sub-
lethally irradiated mice. Nature Med 1995; 1: 1268–1273.

9 Aversa F, Tabilio A, Terenzi A, Velardi A, Falzetti F, Giannoni C,
Iacucci R, Zei T, Martelli MP, Gambelunghe C. Successful
engraftment of T-cell-depleted haploidentical ‘three-loci’ incom-
patiable transplants in leukemia patients by addition of recombi-
nant human granulocyte colony-stimulating factor-mobilized per-
ipheral blood progenitor cells to bone marrow inoculum. Blood
1994; 84: 3948–3955.

10 Ermakov B, Peters C, Alexeitschik A, Matthes-Martin S, Ladenstein
R, Mann G, Holter W, Gadner H. Immunosuppression with ATG

before MUD Transplantation. Bone Marrow Transplant 1998;
21: 33.

11 Handgretinger R, Lang P, Schumm M, Taylor G, Neu S, Koscielnak
E, Niethammer D, Klingebiel T. Isolation and transplantation of
autologous peripheral CD34+ progenitor cells highly purified by
magnetic-activated cell sorting. Bone Marrow Transplant 1998;
21: 987–993.

12 Fritsch G, Printz D, Stimpfl M, Dworzak MN, Witt V, Potschger
U, Buchinger P. Quantification of CD34+ cells: comparison of
methods. Transfusion 1997; 37: 775–784.

13 Przepiorka D, Weisdorf DJ, Martin PJ. Report of the 1994 consen-
sus conference on acute GVHD grading. Bone Marrow Transplant
1995; 15: 825–828.

14 Bearman SI, Appelbaum FR, Buckner CD, Petersen FB, Fisher LD,
Clift RA, Thomas ED. Regimen-related toxicity in patients
undergoing bone marrow transplantation. J Clin Oncol 1988; 6:
1562–1568.

15 Linassier C, Colombat P, Reisenleiter M, Haillot O, Chazard M,
Binet C, Desbois I, Lamagnere JP. Cutaneous toxicity of autolog-
ous bone marrow transplantation in nonseminomatous germ cell
tumors. Cancer 1990; 65: 1143–1145.

16 Reisner Y, Kapoor N, Kirkpatrick D, Pollack MS, Cunningham
Rundles S, Dupont B, Hodes MZ, Good RA, O’Reilly RJ. Trans-
plantation for severe combined immunodeficiency with HLA-A,
B,D,DR incompatible parental marrow cells fractionated by
soybean agglutinin and sheep red blood cells. Blood 1983; 61:
341–348.

17 Bishop MR, Henslee-Downey PJ, Anderson JR, Romond EH, Mar-
ciniak E, Yankey R, Reeves M, Thompson JS. Long-term survival in
advanced chronic myelogenous leukemia following bone marrow
transplantation from haploidentical related donors. Bone Marrow
Transplant 1996; 18: 747–753.

18 Aversa, F, Tabilio A, Velardi A, Cunningham I, Terenzi A, Falzetti
F, Ruggeri L, Barbabietola G, Aristei C, Latini P, Reisner Y, Martelli
MF. Treatment of high-risk acute leukemia with T-cell-depleted
stem cells from related donors with one fully mismatched HLA
haplotype. New Engl J Med 1998; 339: 1186–1193.

19 Bensinger WI, Weaver CH, Appelbaum FR, Rowley S, Demirer
T, Sanders J, Storb R, Buckner CD. Transplantation of allogeneic
peripheral blood stem cells mobilized by recombinant human gra-
nulocyte colony-stimulating factor. Blood 1995; 85: 1655–1658.

20 Martelli MF, Aversa F, Velardi A, Cunningham I, Tabilio A, Terenzi
A, Falzetti F, Felicini R Ruggeri L, Albi N, Reisner Y. New tools
for crossing the HLA barrier: fludarabine and megadose stem cell
transplants. Blood 1996; 88: 1924.

21 Stroncek DF, Clay ME, Petzoldt ML, Smith J, Jaszcz W, Oldham
FB, McCullough J. Treatment of normal individuals with granulo-
cyte-colony-stimulating factor: donor experiences and the effects
on peripheral blood CD34+ cell counts and on the collection of
peripheral blood stem cells. Transfusion 1996; 36: 601–610.

22 Ozer H, Han T, Early A, O’Leary M, Thompson D, Dadey B,
Cohen N, Higby DJ. An improved method for T-cell depletion of
allogeneic histoincompatible donor bone marrow. Cancer Drug
Deliv 1983; 1: 79–86.

23 Hale G, Bright S, Chumbley G, Hoang T, Metcalf D, Munro AJ,
Waldmann H. Removal of T cells from bone marrow for transplan-
tation: a monoclonal antilymphocyte antibody that fixes human
complement. Blood 1983; 62: 873–882.

24 Kernan NA, Bordignon C, Heller G, Cunningham I, Castro-Malas-
pina H, Shank B, Flomenberg N, Burns J, Yang SY, Black P. Graft
failure after T-cell-depleted human leukocyte antigen identical
marrow transplants for leukemia: I. Analysis of risk factors and
results of secondary transplants. Blood 1989; 74: 2227–2236.

25 Shapiro RS, McClain K, Frizzera G, Gajl Peczalska KJ, Kersey JH,
Blazar BR, Arthur DC, Patton DF, Greenberg JS, Burke B. Epstein–
Barr virus associated B cell lymphoproliferative disorders follow-
ing bone marrow transplantation. Blood 1988; 71: 1234–1243.

26 Arnold R, Janssen JW, Heinze B, Bunjes D, Hertenstein B, Wies-
neth M, Kubanek B, Heimpel H, Bartram CR. Influence of graft-
versus-host disease on the eradication of minimal residual leuke-
mia detected by polymerase chain reaction in chronic myeloid
leukemia patients after bone marrow transplantation. Leukemia
1993; 7: 747–751.

27 Schultz KR, Ratanatharathorn V, Abella E, Eisenbrey AB, Karanes
C, Lum LG, de Planque MM, Uberti JP, Ravindranath Y, Sensen-



Haploidentical transplantation of highly purified CD34-positive PBSC
C Peters et al

2078 brenner LL. Graft failure in children receiving HLA-mismatched
marrow transplants with busulfan-containing regimens. Bone Mar-
row Transplant 1994; 13: 817–822.

28 Fujimori Y, Kanamaru A, Hashimoto N, Okamoto T, Okada M,
Kawaguchi K, Mori A, Saheki K, Takatsuka H, Wada H, Takemoto
Y, Kohsaki M, Imai N, Kakishita E, Nagai K. Second transplan-
tation with CD34+ bone marrow cells selected from a two-loci
HLA-mismatched sibling for a patient with chronic myeloid
leukaemia. Br J Haematol 1996; 94: 123–125.

29 Terenzi A, Lubin I, Lapidot T, Salomon O, Faktorowich Y, Rabi I,
Martelli MF, Reisner Y. Enhancement of T cell-depleted bone mar-
row allografts in mice by thiotepa. Transplantation 1990; 50:
717–720.

30 Papadopoulos EB, Carabasi MH, Castro-Malaspina H, Childs BH,
Mackinnon S, Boulad F, Gillio AP, Kernan NA, Small TN, Szabolcs
P, Taylor J, Yahalom J, Collins NH, Bleau SA, Black PM, Heller G,
O’Reilly RJ, Young JW. T-cell-depleted allogeneic bone marrow
transplantation as postremission therapy for acute myelogenous
leukemia: freedom from relapse in the absence of graft-versus-host
disease. Blood 1998; 91: 1083–1090.

31 Henslee Downey PJ, Parrish RS, Macdonald JS, Romond EH, Mar-
ciniak E, Coffey C, Ciocci G, Thompson JS. Combined in vitro and
in vivo T lymphocyte depletion for the control of graft-versus-host
disease following haploidentical marrow transplant. Transplan-
tation 1996; 61: 738–745.


	Transplantation of highly purified peripheral blood CD34+ cells from HLA-mismatched parental donors in 14 children: evaluation of early monitoring of engraftment

