
H
emopoietic progenitors circulate at low
concentration,1,2 but their number can
be dramatically increased by chemo-

therapy and/or hematopoietic growth factors.3-7

These primed peripheral blood stem cells
(PBSC) can rapidly repopulate the marrow after
high-dose therapy, increasing the speed of neu-
trophil and platelet recovery.8-10 In recent years
the PBSC technique has become popular for
autologous transplants,11,12 but it has been appli-

ed only occasionally in the allogeneic setting,13-15

due in part to fear of increasing GVHD and in
part to the lack of direct evidence for the pres-
ence of uncommitted, self-repopulating stem
cells in the peripheral blood. However, periph-
eral blood contains early progenitors16 and
PBSC can permanently engraft marrow-ablated
animals, establishing full donor chimeras.17-19

A strong argument in favor of PBSC in the
allogeneic setting may be the high number of
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ABSTRACT
Background. Utilization of peripheral blood stem cells (PBSC) in allogeneic transplantation

requires a method for their mobilization and collection that is not  inconvenient for the donor. 
Methods. We administered rhG-CSF (filgrastim) 16 mg/kg subcutaneously for 4 days in five nor-

mal subjects (age 18-31, M=3, F=2), previously selected as HLA-identical donors of siblings with
leukemia. All the donors gave written informed consent. On days 4 and 5 (in one donor on day 6
too), 10:l leukapheretic collection was performed with a CS-3000 (Baxter) or an AS-104 (Fresenius)
cell separator through the antecubital vein.

Results. The WBC count reached a median peak of 57.03109/L on day 5. The peripheral blood CFU-
GM peaked to a median level of 8908/mL on day 5 with a median increase over baseline values of 39.1
times. The CD34+ cells peaked to (median) 147.03106/L on day 4 with a median increase of 65.3 times.
A lesser enrichment was recorded for BFU-E (median increase 12.7 times) and CFU-GEMM (median
increase 15.2 times). Even CD3+ and CD56+CD3– cells increased (median 1.7 and 1.5 times, respec-
tively). A median of 7713108 MNC (range 672-1378), 116.43106 CFU-GM (range 47.7-145.1) and
7543106 CD34+ cells (range 477-2599) were apheretically collected. Concerning side effects, mild to
moderate back pain and general minor discomfort were reported by all donors. The platelet level reg-
ularly but transiently decreased after completion of the apheretic procedures with a median nadir of
693109/L (range 43-126) on (median) day 7, but in no case did thrombocytopenia cause bleeding. The
thrombocytopenia was more pronounced with the CS-3000 than the AS-104 apparatus. 

Conclusions. rhG-CSF 16 mg/kg34 days is an efficient schedule for PBSC mobilization in healthy
donors, but lower doses and even a single apheresis procedure might prove similarly adequate.
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progenitors. In a recent study,20 patients receiv-
ing suboptimal (< 2.43104/kg) numbers of
CFU-GM showed significantly lower platelet
counts on day +80, +100 and +150, more CMV
infections and a significantly greater transplant
related mortality. Therefore, increasing the
number of allogeneic hemopoietic progenitors
would not only accelerate hemopoietic recovery
and shorten hospital stay, but it may also lead to
reduced transplant complications. Since a high
number of hemopoietic progenitors can only be
obtained from the peripheral blood, the modali-
ty of PBSC mobilization and collection in
healthy donors represents a key issue.21

The hemopoietic growth factor rhG-CSF has
an excellent mobilizing effect7,9,22,23 and a safe
clinical profile.24-26 In normal donors, doses of 2
to 16 mg/kg/day of rhG-CSF have produced
good PBSC yields with little or no side
effects.25,27-31 We tested the feasibility of a scheme
for PBSC mobilization and collection in normal
donors that consisted of administering rhG-
CSF 16 mg/kg/day 3 4 days, followed by 2
apheretic harvests, and we report here the
results in 5 healthy subjects. We also studied the
variations in peripheral blood cell populations
during and after rhG-CSF treatment in these
subjects by means of in vitro colony assays and
flow cytometry analysis. 

Materials and Methods
Normal donors. Five healthy adult donors

entered the protocol (Table 1). They were HLA-
identical, MLC non-reactive sibling donors
either of patients with advanced (beyond 1st

remission, 2 patients) or high-risk (Ph+ ALL, 1
patient) acute leukemia or of patients who had
experienced a relapse after allogeneic bone mar-
row transplantation (CML, 1 patient; AML, 1
patient). For these last patients the donors were
the same ones who had previously donated
marrow to them, and the mobilization proce-
dure was undertaken with the intent of infusing
the hosts with donor leukocytes enriched in
PBSC without myeloablation. All the donors
were thoroughly informed and gave written
consent.

rhG-CSF administration. rhG-CSF (recombi-
nant human granulocyte colony-stimulating fac-
tor, filgrastim, Amgen) was administered subcu-
taneously to donors at a dosage of 16 mg/kg/day
in two divided daily injections for 4 subsequent
days. The first day of rhG-CSF administration
was conventionally labelled as day 1. This treat-
ment was always performed on an outpatient
basis.

PBSC apheretic collection. The CS-3000 plus
(Baxter) or the AS-104 (Fresenius) was
employed. The CS-3000 was equipped with a
large collection chamber. Aphereses were run
through the antecubital veins. Ten litres of blood
were processed at a time. The aphereses were
started on day 4 of rhG-CSF administration,
soon after the morning dose. The evening of the
same day the donor received his last dose of
rhG-CSF. The second apheresis was regularly
run on day 5, approximately 12 hours after the
last rhG-CSF dose. A third apheresis on day 6
was run only in one case (donor #2). The PBSC
bags were heparinized (calcium heparin 5,000
units) immediately after the apheretic run. The
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Table 1. Donor characteristics, reported complaints, number of apheresis procedures, and lowest platelet counts during PBSC mobilization and collection. All the
donors received rhG-CSF 16 µg/kg for 4 consecutive days, and none interrupted the program. Note that mild to moderate thrombocytopenia developed in 4, with
bleeding complications in none.

Donor # Age/sex Symptoms Cell separator No. aphereses Platelet nadir
x109/L and (day)

1 28/M fatigue, sweating CS 3000 large ch 2 69 (6)

2 26/M fatigue, fever, back pain, chest pain AS 104 3 87 (9)

3 31/F back pain AS 104 2 126 (9)

4 22/M fatigue, fever, headache CS 3000 large ch 2 54 (7)

5 18/F fatigue, dizziness, back pain CS 3000 large ch 2 43 (7)

Large ch = large chamber.



day 4 apheresis was kept at 4°C until the follow-
ing day, when it was infused in the recipient
together with the day 5 apheresis. In one case, a
third collection (day 6) was cryopreserved in liq-
uid nitrogen for future use by means of a com-
puterized freezer (Planer R203) at the rate of
–1°C/min to –40°C in Gambro DF-700 bags. 

Cell characterization. Peripheral blood (day 0,
1, 2, 3, 4, 5, 7, 9 and 11) and the leukapheresis
product samples were immunofluorescence
labeled using standard protocols. 

In brief, cells (0.5-13106/100 mL per tube)
were incubated for 30 minutes at 4˚C with mon-
oclonal antibodies conjugated to phycoerythrin,
fluorescein or peridin chlorophyll protein, then
hemolyzed with ammonium chloride hemolytic
buffer and washed twice with PBS. The mono-
clonal antibodies used were: CD3 (Leu-4,
PerCP), CD4 (Leu-3a, FITC), CD8 (Leu-2a, Pe),
CD19 (Leu-12, PE), CD20 (Leu-16, FITC),
CD56 (Leu-19, PE), CD34 (HPCA-2, FITC),
CD45/CD14 (LeucoGate) and Ig isotype con-
trols (Becton Dickinson). The samples were
acquired on a FACSCAN and analyzed using
Lysis II software (Becton-Dickinson). Analysis
of CD34+ cells was performed using large con-
tiguous gates, as previously described.3 2

Lymphocyte subset analysis was evaluated using
LeucoGATE. A gate was set around the lympho-
cyte population expressing high levels of CD45
but low levels of CD14. A light-scatter gate was
then set to include ≥98% of the lymphocytes in
the fluorescence gate. The lymphocyte subsets
were calculated on this latter gate.

In vitro colony assay. CFU-GM, BFU-E and
CFU-GEMM were grown by plating in 35 mm
Petri plastic culture dishes (Falcon) 0.5-13105

MNC in 1 mL of Iscove’s methylcellulose
(Terry Fox Laboratories, Vancouver, Canada)
containing 0.9% methylcellulose, 30% fetal calf
serum, 1% bovine serum albumin, 150 U/mL
erythropoietin, 10% agar leukocyte condi-
tioned medium, 10-2M 2-mercaptoethanol, 200
mM L-glutamine and 8% Iscove’s medium. All
cultures were carried out in duplicate. After 14
days of incubation in a humidified atmosphere
of 5% CO2 at 37˚C, colonies (aggregates of ≥40
cells) were counted using an inverted micro-
scope.

Results
Procedure-related toxicity. All the donors com-

pleted the program of rhG-CSF treatment and
PBSC apheretic collection. However, mild to
moderate disturbances were reported by all and
these included fatigue, low-grade fever, sweat-
ing, back pain, headache, dizziness and chest
pain (Table 1). Complaints began on day 2 or 3
of rhG-CSF treatment and subsided one-two
days after stopping the treatment. The two sub-
jects who had previously donated their marrow
under general anesthesia tolerated the PBSC
mobilization/collection procedure better than
the marrow harvest.

Cell mobilization. The levels of WBC, platelets,
CFU-GM, BFU-E, CFU-GEMM and CD34+

cells in the peripheral blood before and during
mobiliwation and collection are reported in
Figure 1 and Table 2. The WBC count sharply
increased during rhG-CSF administration in all
the donors, reaching a peak of 34.0 to 102.0
(median 57.07 3109/L on day 4 to 5 (median 5).
Peripheral blood CFU-GM peaked at a level of
2686 to 23,067/mL (median 8908/mL) on day 4
to 5 (median 5), with a median increase of 39.1
times baseline values. A substantial though less
abundant enrichment was also recorded for cir-
culating BFU-E (median 12.7 times) and CFU-
GEMM (median 15.2 times). CD34+ cells were
present at low levels (0.9 to 9.23106/L, median
3.7) in base samples, but peaked at 68.2 to
353.03106/L (median 147.0) on day 4 to 5
(median 4). These cells were enriched by 18.4 to
118.7 times (median 65.3) after rhG-CSF. The
variations in lymphocyte subsets are reported in
Table 2. T cells were expressed as total CD3+, B
cells as total CD19+ and NK cells as total CD56+

CD3–. Though the elevation of lymphoid cells
was not comparable to that of total WBC, a defi-
nite increase was recorded in all donors, with
CD3+ values increasing 1.5 to 2.9 times (median
1.7), CD19+ 1.3 to 4.5 times (median 1.6) and
CD56+ 1.0 to 3.0 times (median 1.5) baseline
values.

Cell harvest. Table 3 shows the number of
cells harvested with the apheretic procedures. A
median of 7713108 MNC (range 672-1378),
116.43106 CFU-GM (range 47.7-145.1) and
7543106 CD34+ cells (range 477-2599) were
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collected. The number of progenitors collected,
as judged by the CD34 antigen, varied from
donor to donor by a factor of 5, with a median
of 7543106 (range 477 to 2599), while the num-
ber of CD3+ showed only modest donor-to-
donor variation (median 2703108, range 191 to
372). The same was true for CD19+ cells (medi-
an 60.23108, range 31.0-124.7) and CD56+CD3–

cells (median 20.53108, range 20-32).

Discussion
In recent years an increasing number of

patients have been autografted with peripheral
blood as the sole source of stem cells.12 This
ever-growing experience has also encouraged
the use of PBSC in the allogeneic setting, focus-
ing the attention of investigators on the method
of PBSC mobilization and collection in healthy

donors, as well as to the possible advantages
over bone marrow harvesting.

Marrow harvesting is not completely devoid
of complications, side effects or patient discom-
fort. In a report on 1,270 harvest procedures in
Seattle,33 six donors suffered life-threatening
complications and ten showed significant oper-
ative site morbidity. As many as ten percent of
donations were associated with fever, and
increasing donor age was significantly linked to
poor cell harvest. In a different survey, 10 per-
cent of donors recovered completely from bone
marrow donation only after more than 30 days
from the procedure.34 The use of PBSC, which
eliminates the need for general anesthesia, is
expected to reduce or abolish hospitalization
and operative morbidity. On the other hand,
efficient PBSC collection requires treatment
with a progenitor cell mobilizing agent. 

Figure 1. Variations in CD34+ cells (solid line), WBC (dashed line) and
platelets (dotted line) in the peripheral blood of the five healthy donors
during and after rhG-CSF administration. WBC and platelets are expressed
as number x 109/L, while CD34+ cells are expressed as number x 106/L. Day
0 represents the baseline values. Days 1 to 4 were the days of rhG-CSF
treatment. WBC peaked on day (median) 5, while CD34+ cells peaked on
day (median) 4. Platelet counts decreased during and after the apheretic
procedures, reaching their nadir on day (median) 7. Normalization of WBC
and platelet counts was observed on day 11. See text for further details.
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The peripheral blood cell dose necessary for
stable engraftment has not been clearly deter-
mined. In the autologous setting a dose of
> 23106/kg CD34+ cells is able to produce a sta-
ble and rapid hematopoietic reconstitution.35

The threshold dose might be higher in allo-
geneic transplantation as a consequence of the
immunological mechanisms involved. For this
reason, it would be unwise to collect PBSC in
the steady state (i.e. with no mobilization treat-
ment), since it would result in a high number
of apheretic procedures with a low total prog-
enitor cell count.13

In the present paper we show the results of
PBSC mobilization with rhG-CSF in a small
cohort of normal individuals previously select-
ed as HLA-identical donors for their siblings
with leukemia. The schedule of rhG-CSF
administration was 16 mg/kg/day for 4 consecu-
tive days, similar to that employed in a previous
study of five syngeneic donors29 reporting a har-
vest of 4.6 to 211.93104/kg CFU-GM and 1.6 to
12.63106/kg CD34+ cells. In that study, donor
cells were transplanted to recipients after differ-
ent preparative regimens and led to rapid hema-
tologic engraftment: > 0.53109/L granulocytes
on day 13 and >203109/L platelets on day 10. 

Lower daily doses have been adopted in other
centers for PBSC mobilization in normal indi-
viduals. Matsunaga et al.28 treated three healthy
volunteers with rhG-CSF 2.5 µg/kg/day on days
1-6 followed by 5.0 µg/kg/day on days 7-10.
These subjects obtained a CFU-GM peak on day
6, but continuing rhG-CSF administration at
5.0 µg/kg/day did not reinforce the level of cir-
culating CFU-GM. A single dose of rhG-CSF of
15 µg/kg was given to 10 normal donors by
Schwinger et al.,27 who on day 5 obtained signifi-
cant rises in CD34+ cells, CFU-GM and BFU-E
to counts of 250/mL, 3.23103/mL and
1.753103/mL, respectively. Sato et al.,30 in a time

Table 3. Total number of cells collected in the donors. Two apheretic proce-
dures were performed in all donors but one (#2), who underwent 3 apheretic
procedures over 3 days.

Donor Value
WBC
x 109/L

CFU-GM
mL

BFU-E
mL

CFU-GEMM
mL

CD34+
x106/L

CD3+
x109/L

CD19+
x109/L

CD56+CD3-
x 109/L

1 Base
Peak
Fold increase

4.6
54.0 (5)
11.7

589
23067 (5) *
39.1

380
3495 (5)*
9.1

209
6990 (5)*
33.4

5.4
353.0 (4)
65.3

1.0
2.9 (4)
2.9

0.2
0.9 (4)
4.5

0.1
0.3 (4)
3.0

2 Base
Peak
Fold increase

6
64.0 (5)
10.6

330
10620 (5)
32.1

440
5610 (4)
12.7

330
4780 (4)
14.4

2.4
285.0 (4)
118.7

1.7
2.9 (4)
1.7

0.3
0.5 (4)
1.6

0.2
0.3 (4)
1.5

3 Base
Peak
Fold increase

7.5
102.0 (5)
13.6

180
8908 (4)
49.4

420
7540 (4)
17.9

120
1830 (5)
15.2

9.2
244.8 (5)
26.6

1.5
3 (4)
2.0

0.2
0.6 (4)
3.0

0.3
0.6 (4)
2.0

4 Base
Peak
Fold increase

6.2
34.0 (5)
5.4

81
2686 (4)
33.1

216
957 (3)
4.4

0
864 (5)
–

3.7
68.2 (4)
18.4

1.7
2.7 (4)
1.5

0.3
0.4 (5)
1.3

0.1
0.1 (5)
1.0

5 Base
Peak
Fold increase

9.3
57.0 (4)
6.1

39
3420 (6)
87.6

156
2508 (6)
16.0

0
1216 (6)
–

0.9
69.1 (5)
76.7

1.9
3.2 (4)
1.6

0.3
0.4 (3)
1.3

0.4
0.5 (3)
1.2

Median Base
Peak
Fold increase

6.2
57.0 (5)
10.6

180
8908 (5)
39.1

380
3495 (4)
12.7

120
1830 (5)
15.2

3.7
147.0 (4)
65.3

1.7
2.9 (4)
1.7

0.3
0.5 (4)
1.6

0.2
0.3 (4)
1.5

Table 2. Baseline, peak value and fold increase of peripheral blood cells during rhG-CSF mobilization. Day cell count peaked is in parentheses. 

* indicates that day 4 colony-forming cell assays are missing.

cells collected

Donor MNC CFU-GM BFU-E CFU-GEMM CD34+ CD3+ CD19+ CD56+/CD
x108 x106 x106 x106 x106 x108 x108 3-XX x108

1 1378 93.3 26.8 54.1 2599 372 124.7 32

2 771 47.7 16.5 20.9 754 258 70.5 20

3 672 145.1 72.6 15.4 507 191 31.0 20

4 767 nd nd nd 477 270 nd nd

5 826 142.4 66 33 890 336 49.9 21

Median 771 116.4 46.4 26.9 754 270 60.2 20.5

 



course study on the optimal method for har-
vesting PBSC from normal donors, gave their
volunteers a dose of 2 µg/kg/day rhG-CSF for 5
days and obtained a median increase of CFU-
GM to more than 2,000/mL blood on day 6,
representing a 30-fold maximum increase over
baseline values. A lesser, but still significant
increase was recorded for BFU-E and CFU-Mix.
The same authors also showed that a maximum
increase in progenitors takes place 6 hours after
the last rhG-CSF dose and lasts up to 30 hours.
Fritsch et al.36 reported the use of 5 µg/kg of
either rhG-CSF or of GM-CSF in 17 healthy vol-
unteers for a period of 5 days, resulting in a sig-
nificant elevation of CD34+ cells as well as
clonogenic cells on day 5. They concluded that
sufficient PBSC could be collected with a single
apheresis. In contrast, Kessinger et al.13 collectd
sufficient amounts of allogeneic PBSC without
cytokine amplification, but they ran 10 aphere-
ses over 30 days.

rhG-CSF has a dose dependent effect, and 10
µg/kg proved superior to 5 µg/kg in mobilizing
hemopoietic progenitors in normal subjects.37 In
our donors who received 16 µg/kg WBC, colony
forming cells and CD34+ cells rose sharply and
rather synchronously, reaching a peak between
days 4 and 5. The peak of CD34+ cells, however,
anticipated that of WBC and CFU-GM by one
day in three donors. The level of progenitors
declined slowly after reaching a peak, a finding
that might be exploited when there is a need for
a back-up PBSC harvest. All donors responded
well to the mobilization protocol, though a cer-
tain donor-to-donor variation was observed.
Not only peripheral blood CFU-GM increased
during rhG-CSF treatment, but BFU-E and
CFU-GEMM also rose in a similar way. We reg-
ularly obtained excellent yields of progenitors
with 2 aphereses. In fact, the minimum number
of CD34+ cells collected was 4773106, corre-
sponding to 6.83106/kg transplantable CD34+

cells for an ideal 70 kg recipient. This implies
that, with our mobilization protocol, even a sin-
gle apheresis would probably be sufficient to
ensure rapid engraftment in an adult recipient.
With the cells collected from donors #3, 4 and 5
we have already transplanted their HLA-identi-
cal siblings recipients. Detailed results are not

reported here, but hematologic engraftment was
rapid in all patients both for the granulocyte
and platelet series. 

We also confirm the capacity of rhG-CSF to
increase the number of circulating lympho-
cytes. In our study the peripheral blood CD3+

population increased by a factor of 1.7 during
rhG-CSF administration. This increment was
much less pronounced than for total WBC
counts, circulating colony-forming cells or
CD34+ cells, and showed less donor-to-donor
variation. Why rhG-CSF elevates the lympho-
cyte count is not understood, since lympho-
cytes are not known to express receptors for
rhG-CSF. This effect has already been reported
in primates38 and humans,28,29,39 and may be due
to the release of other cytokines induced by
rhG-CSF.

As consequence of the combined effect of
lymphocyte count increase and the large vol-
ume of blood processed, the apheretic samples
from our donors contained a much higher
number of T-lymphocytes than would be found
in a conventional marrow harvest. This may be
relevant in view of the transplant procedure,
since GVHD is sustained mainly by donor T-
lymphocytes. However, the specific role of the
number of T-lymphocytes is debated; it has
been correlated with the incidence of GVHD by
some investigators,41,42 but not by others.43,44

Interestingly, the PBSC allogeneic transplants
reported so far,13-15 (Dipersio unpublished,
Buckner unpublished) were not complicated by
an increased incidence or severity of GVHD.

Our donors tolerated the rhG-CSF treatment
and the apheretic procedures well. Fatigue and
back pain were the most frequent complaints (4
and 3 donors, respectively). Apheretic proce-
dures were always run on an outpatient basis
and none of the donors interrupted the pro-
gram. However, mild to moderate thrombocy-
topenia developed in all of them following the
apheretic collections. Platelet counts reached
their nadir on days 6 to 9 (median 7) following
the start of the mobilization/collection proce-
dure, but in no case did thrombocytopenia
cause even mild bleeding. In this case thrombo-
cytopenia seems to be the result of the com-
bined action of rhG-CSF administration and
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platelet removal by the cell separator. A dose-
dependent depression of platelet counts has
been described after several days of treatment
with rhG-CSF,39 and a comparison between
rhG-CSF-treated and non-treated granulocyte
donors suggests a role for rhG-CSF in the devel-
opment of thrombocytopenia.25 In our study,
when the collections were run with the CS-3000
cell separator, we observed a more pronounced
thrombocytopenia than with the AS-104 appa-
ratus. One way to reduce platelet withdrawal
might be to limit apheretic collections to a sin-
gle procedure36 or to use lower daily doses of
rhG-CSF.39

In conclusion, the schedule of rhG-CSF 16
µg/kg for 4 days produces a sharp increase in PB
WBC and progenitors, which can easily be col-
lected by apheresis on days 4 and 5 and employed
for allogeneic transplantation. Thrombocyto-
penia in the donor may be relevant, but changing
the rhG-CSF schedule and dosage, reducing the
number of apheretic procedures and reinfusing
autologous platelets into the donor are expected
to minimize this problem. 

References
1. Mc Credie KB, Hersch EM, Freireich EJ. Cells capable of

colony formation in the peripheral blood of man. Science
1971; 171:293-4.

2. Körbling M, Fliedner TM, Pflieger H. Collection of large
quantities of granulocyte macrophage progenitor cells
(CFUc) in man by means of continuous leukapheresis. Scand
J Haematol 1980; 24:22-8.

3. Richman CM, Weiner RS, Yankee RA. Increase in circulating
stem cells following chemotherapy in man. Blood 1976;
47:1031-9.

4. Abrams RA, McCormack K, Bowles C, Deisseroth AB. Cyclo-
phosphamide treatment expands the circulating hemato-
poietic stem cell pool in dogs. J Clin Invest 1981; 67:1392-9.

5. Socinsky MA, Cannistra SA, Elias A, Antman KA, Schnipper
L, Griffin JD. Granulocyte-macrophage colony-stimulating
factor expands the circulating haemopoietic progenitor cell
compartment in man. Lancet 1988; i:1194-8.

6. Gianni AM, Siena S, Bregni G, et al. Granulocyte-macro-
phage colony stimulating factor to harvest circulating haemo-
poietic stem cells for autotransplantation. Lancet 1989;
ii:580-4.

7. Sheridan WP, Begley CG, Juttner CA, et al. Effect of periph-
eral blood progenitor cells mobilized by filgrastim (rhG-CSF)
on platelet recovery after high-dose chemotherapy. Lancet
1992; 1:640-4.

8. To LB, Roberts MM, Haylock DN, et al. Comparison of
haematological recovery times and supportive care require-
ments of autologous recovery phase peripheral blood stem
cell transplants, autologous bone marrow transplants and
allogeneic transplants. Bone Marrow Transplant 1992; 9:277-

84.
9. Sheridan WP, Begley CG, To LB, et al. Comparison ofautolo-

gous filgrastim (rhG-CSF)-mobilized peripheral blood prog-
enitor cells to restore hemopoiesis after high-dose chemo-
therapy for lymphoid malignancies. Bone Marrow Trans-
plant 1994; 14:105-1.

10. Liberti G, Pearce R, Taghipour G, Majolino I, Goldstone AH.
Comparison of peripheral and autologous bone marrow
transplantation for lymphoma patients: a case-controlled
analysis of the EBMT Registry data. Ann Oncol 1994; 5(suppl
2):151-3.

11 Majolino I, Scimè R, Indovina A. Autologous blood stem cell
transplantation in hematologic malignancies. Haematologica
1990; 75:555-66.

12. Gratwohl A, Hermans J. Bone marrow transplantation activi-
ty in Europe 1992: report from the European Group for Bone
Marrow Transplantation (EBMT). Bone Marrow Transplant
1994; 13:5-10.

13. Kessinger A, Smith DM, Strandjord SE, et al. Allogeneic
transplantation of blood derived, T-cell depleted hemopoietic
stem cells after myeloablative treatment in a patient with
acute lymphoblastic leukemia. Bone Marrow Transplant
1989; 4:643-6.

14. Dreger P, Suttorp M, Haferlach T, Löffler H, Schmitz N.
Allogeneic granulocyte colony-stimulating factor-mobilized
peripheral blood progenitor cells for treatment of engraft-
ment failure after bone marrow transplantation. Blood 1993;
81:1404-9.

15. Russell NH, Hunter A, Rogers S, Hanley J, Anderson D.
Peripheral blood stem cells as alternative to marrow for allo-
geneic transplantation. Lancet 1993; 341:1482.

16. Udomsakdi C, Lansdorp PM, Hogge DE, Reid DS, Eaves AC,
Eaves CJ. Characterization of primitive hematopoietic cells in
normal human peripheral blood. Blood 1992; 9:277-84.

17. Carbonel F, Calvo W, Fliedner TM, et al. Cytogenetic studies
in dogs after total body irradiation and allogeneic transfusion
with cryopreserved blood mononuclear cells: observations in
long-term chimeras. Int J Cell Clon 1984; 2:81-8.

18. Berenson RJ, Andrewss RG, Bensinger WI, et al. Antigen
CD34+ marrow cells engraft lethally irradiated baboons. J
Clin Invest 1988; 81:61-5.

19. Molineux G, Pojda Z, Hampson IN, Lord BI, Dexter TM.
Transplantation potential of peripheral blood stem cells
induced by granulocyte colony-stimulating factor. Blood
1990; 76:2153-8.

20. Bacigalupo A, Piaggio G, Podestà M, et al. Influence of mar-
row CFU-GM content on engraftment and survival after allo-
geneic bone marrow transplantation. Bone Marrow Trans-
plant 1995; 15:221-6.

21. Majolino I, Aversa F, Bacigalupo A, Bandini G, Arcese W,
Reali G. Allogeneic transplants of rhG-CSF mobilized periph-
eral blood stem cells (PBSC) from normal donors. Haemato-
logica 1995; 80:40-3.

22. Bungart B, Loeffler M, Goris H, Diehl V, Nijhof W. Differen-
tial effects of recombinant human colony stimulating factor
(rhG-CSF) on stem cells in marrow, spleen and peripheral
blood in mice. Br J Haematol 1990; 76:174-9.

23. De Luca E, Sheridan WP, Watson D, Szer J, Begley CG. Prior
chemotherapy does not prevent effective mobilisation by G
CSF of peripheral blood progenitor cells. Br J Cancer 1992;
66:893-9.

24. Decoster G, Rich W, Brown SL. Safety profile of Filgrastim.
In: Morstyn G, Dexter TM, eds. Filgrastim (r-metHuG-CSF)
in clinical practice. New York:Marcel Dekker, 1993:267-90.

25. Bensinger WI, Price TH, Dale DC, et al. The effects of daily
recombinant human granulocyte colony stimulating factor
administration on normal granulocyte donors undergoing

PBSC collection in normal donors 



226

leukapheresis. Blood 1993; 81:1883-8.
26. Caspar CB, Seger RA, Burger J, Gmur J. Effective stimulation

of donors for granulocyte transfusions with recombinantme-
thionyl granulocyte colony-stimulating factor. Blood 1993;
11:2866-71.

27. Schwinger W, Mache Ch, Urban Ch, Beaufort F, Töglhofer
W. Single dose of filgrastim (rhG-CSF) increases the number
of hematopoietic progenitors in the peripheral blood of adult
volunteers. Bone Marrow Transplant 1993; 11:489-92.

28. Matsunaga T, Sakamaki S, Kohgo Y, Ohi S, Hirayama Y,
Niitsu Y. Recombinant human granulocyte colony-stimulat-
ing factor can mobilize sufficient amounts of peripheral
blood stem cells in healthy volunteers for allogeneic trans-
plantation. Bone Marrow Transplant 1993; 11:103-8.

29. Weaver CH, Buckner CD, Longin K, et al. Syngeneic trans-
plantation with peripheral blood mononuclear cells collected
after the administration of recombinant human granulocyte
colony-stimulating factor. Blood 1993; 82:1981-4.

30. Sato N, Sawada K, Takahashi TA, et al. A time course study
of optimal harvest of peripheral blood progenitor cells by
granulocyte colony-stimulating factor in healthy volunteers.
Exp Hematol 1994; 22:973-8.

31. Aversa F, Tabilio A, Terenzi A, et al. Successful engraftment
of T-cell-depleted haploidentical “three-loci” incompatible
transplants in leukemia patients by addition of recombinant
human granulocyte colony-stimulating factor-mobilized
peripheral blood progenitor cells to bone marrow inoculum.
Blood 1994; 84:3948-55.

32. Buscemi F, Fabbiano F, Felice R, et al. Use of large polygonal
gates for flow cytometry analysis of circulating progenitor
cells. Bone Marrow Transplant 1993; 12:305-6.

33. Buckner CD, Clift RA, Sanders JE, et al. Marrow harvesting
from normal donors. Blood 1984; 64:630-4.

34. Stroncek DF, Holland PV, Bartch G, et al. Experiences of the
first 493 unrelated marrow donors in the national marrow
donor program. Blood 1993; 81:1940-6.

35. Bender JG, To LB, Williams S, Schwartzberg LS. Defining a
therapeutic dose of peripheral blood stem cells. J Hematother 
1992; 1:329-41. 

36. Fritsch G, Fischmeister G, Haas OA, et al. Peripheral blood
hematopoietic progenitor cells of cytokine-stimulated healthy
donors as an alternative for allogeneic transplantation. Blood
1994; 83:3420-1.

37. Dreger P, Haferlach T, Eckstein V, et al. rhG-CSF-mobilized
peripheral blood progenitor cells for allogeneic transplanta-
tion: safety, kinetics of mobilization, and composition of the
graft. Br J Haematol 1994; 87:609-13.

38. Welte K, Bonilla MA, Gillio AP, et al. Recombinant human
granulocyte colony-stimulating factor: effects on hemato-
poiesis in normal and cyclophosphamide-treated patients. J
Exp Med 1987; 165:941-8.

39. Lindemann A, Herrmann F, Oster W, et al. Hematologic
effects of recombinant human granulocyte colony-stimulat-
ing factor in patients with malignancy. Blood 1989; 74:2644-
51.

40. Weaver CH, Longin K, Buckner CD, Bensinger W. Lympho-
cyte content in peripheral blood mononuclear cells collected
after the administration of recombinant human granulocyte
colony-stimulating factor. Bone Marrow Transplant 1994;
13:411-5.

41. Kernan NA, Collins NM, Juliano L, Cartagenia T, Dupont B,
O'Reilly RJ. Clonable T lymphocytes in T cell-depleted bone
marrow transplants correlate with development of graft-v-
host disease. Blood 1986; 68:770-3.

42. Sullivan KM, Storb R, Buckner CD, et al. Graft-versus-host
disease as adoptive immunotherapy in patients with
advanced hematologic neoplasms. N Engl J Med 1989; 320:
828-34.

43. Atkinson K, Farrell C, Chapman G, Downs K, Penny R, Biggs
J. Female marrow donors increase the risk of acute graft-ver-
sus-host-disease: effect of donor age and parity and analysis
of cell subpopulations in the donor marrow inoculum. Br J
Haematol 1986; 63:231-9.

44. Storb R, Deeg HJ, Whitehead J, et al. Methotrexate andcy-
closporine compared with cyclosporine alone for prophylaxis
of acute graft versus host disease after bone marrow trans-
plantation for leukemia. N Engl J Med 1986; 314:729-35.

I. Majolino et al.




