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ABSTRACT

In vitro growth and quantification of early (CD33–/CD38–) 
myeloid progenitor cells: stem cell factor requirement
and effects of previous chemotherapy
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Background and Objective. All culture systems explor-
ing the early (pre-CFU) hematopoietic compartment
are generally complex, time-consuming and unsuit-
able for routine application. The aim of our study was
to develop a stroma-free culture system to quantify
early bone marrow (BM) myeloid progenitor cells.

Design and Methods. Low density, progenitor cell
enriched BM cells underwent a double cytotoxic treat-
ment with CD38 and CD33 monoclonal antibodies +
rabbit complement, which depleted 99% of CFU-GM
and BFU-E. Then they were cultured, both in agar and
in limiting-dilution liquid culture, in the presence of
5637 cell line supernatant (containing GM-CSF, G-
CSF and interleukin 1), stem cell factor (SCF) and
interleukin 3 (IL3).

Results. The largest number (median 14.9 on 13105

cells) and size (>50,000 cells) of myelomonocytic cell
clones from CD33–/CD38– progenitors was reached
after 3-4 weeks of liquid culture. SCF, but not IL3, was
essential for that growth. The frequency of CD33–/
CD38– progenitors grown in liquid culture was approx-
imately three times greater than the LTC-IC frequency
in the same cell suspension. An average 93% of
CD33–/CD38– progenitors displayed HLA-DR antigens
and 43% generated secondary CFU-GM. In the BM of
9/10 patients, previously exposed to chemotherapy,
CD33–/CD38– progenitor frequency was quite low
(median 0.9 on 13105 cells), in spite of normal cellu-
larity and morphology and sustained disease remis-
sion.

Interpretation and Conclusions. CD33–/CD38– prog-
enitors can be grown and quantified in a stroma-free
culture system in a relatively short time. The test can
reveal long-lasting, subclinical BM damage induced by
chemotherapy and could also be valuable for esti-
mating the amount of early myeloid progenitors for
transplantation purposes.
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The progressive development, during the past
two decades, of in vitro culture techniques has
allowed routine evaluation of the growth of

committed hematopoietic progenitors. These cells
can be quantified in bone marrow (BM) and periph-
eral blood for transplantation and other clinical pur-
poses.1,2

Conversely, in vitro culture and quantification of
early hematopoietic progenitor/stem cells is still a
difficult task. Some techniques for this purpose use
pre-established BM stromal layers, without exoge-
nous growth factors.3-5 In particular, in the past few
years, a culture system has been developed that sup-
ports the growth, in microwells with irradiated BM
stroma, of so called long-term culture-initiating cells
(LTC-IC). The method allows quantification of these
very primitive cells that share many of the features of
hematopoietic stem cells.3,6 However, LTC-IC assay
is a complex procedure, requiring a pre-established
irradiated BM layer and a long culture time (at least
five weeks), this precluding its extensive use in a clin-
ical setting.

Stroma-free cultures require the use of combina-
tions of growth factor6,7 and of selective procedures to
suppress the overgrowth of the more abundant com-
mitted progenitors. Depletion of committed progen-
itors can be achieved by the use of selective culture
medium,7,8 prolonged culture time,9 cytotoxic
drugs10,11 or monoclonal antibodies against differen-
tiation or proliferation antigens.7,11-14 Indeed, the ear-
liest hematopoietic cells lack lineage-specific as well as
CD38 and CD71 antigens, which are expressed by
committed progenitor cells.13-15 In particular, CD38
antigen is present on almost all hematopoietic colony-
forming cells.13 Therefore, CD38 negative progenitors
represent a small fraction of very immature hemato-
poietic cells that lack lineage-specific antigens, and
include LTC-IC.16 Here we describe some growth
requirements of CD33–/CD38– myeloid progenitors
and describe a relatively short, stroma-free, culture
method for their quantification in human adult BM.
We also report the observation, using this method, of
a great reduction in CD33–/CD38– progenitor cells in
the BM of patients previously treated with cytotoxic
drugs, in spite of normal blood counts and BM cel-
lularity.
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Design and Methods

Cells
BM was aspirated from volunteer donors and from

patients undergoing diagnostic procedures after
informed consent had been obtained. Low density
(< 1,077 g/L) cells, obtained by Ficoll/metrizoate
(Lymphoprep, Nycomed) density gradient separation,
underwent a second Lymphoprep separation after
phagocytosis of opsonized, heat-inactivated yeast, in
order to remove mature myelo-monocytic cells.17 The
separation procedure resulted in a 6-10 fold enrich-
ment in myeloid and erythroid progenitors.

Complement-dependent cytotoxicity
One million low density non-phagocyting cells

(LD/phag–), suspended in 0.25 mL of Iscove’s mod-
ified Dulbecco’s Medium (IMDM) with 10% fetal
bovine serum (FBS), were incubated at 4°C in the
presence of 10 µL of CD33 and CD38 monoclonal
antibodies (MoAb). CD33 MoAb was purchased
from Coulter. CD38 was initially purchased from
Technogenetics, then, in further experiments, we
employed the MoAb produced by the IB4 clone,
kindly provided by Prof F. Malavasi (Istituto di Genet-
ica Medica, Università di Ancona). In some experi-
ments, 10 µL of anti-HLA-DR MoAb (Becton-Dick-
inson) were also included in the cytotoxicity test.
After 30’ of incubation with MoAb, 0.27 mL of rab-
bit complement (GIBCO), previously adsorbed on
human AB group erythrocytes and diluted 1:3 with
IMDM, were added (final dilution 1:6) and the incu-
bation was continued at 37°C for 60’.18 Cells were
then washed once and re-exposed to MoAbs and
complement. Finally, cells were washed once with
IMDM and resuspended in 1 mL of IMDM+10% FBS.
Control cells underwent the same incubations with-
out either antibodies or complement or both. The
efficacy of cytotoxic treatment was checked by direct
immunofluorescence using a phycoerythrin-labeled
CD38 MoAb (Becton-Dickinson) and FACS analysis.

Colony assays
Forty microliters of control or 100 µL of MoAb-

treated cells were seeded in each of two 35 mm Petri
dishes containing 1 mL of IMDM + 20% FBS + 0.3%
agar (DIFCO) + 10% supernatant of 5637 cell line (as
a source of GM-CSF, G-CSF and interleukin 1)19,20 ±30
ng/mL of human recombinant stem cell factor (SCF)
(purchased from Amgen). In some experiments, 15
ng/mL of human recombinant interleukin-3 (IL3)
(purchased from Sandoz) and 2 U/mL of human
recombinant erythropoietin (Eprex®, from Cilag)
were also added to allow BFU-E growth. The amount
of control cell suspension seeded in each dish corre-
sponded to 43104 cells, since no significant cell loss
occurred during incubations or centrifugations. One
hundred microliters of MoAb-treated cell suspension
corresponded to 13105 LD/Phag– cells before cyto-
toxicity; no correction was made for the actual num-

ber of cells which survived cytotoxicity, in order to
avoid an enrichment in CD33–/CD38– cells. Colonies
were scored after 14 and 28 days of incubation at
37°C in 5% CO2 atmosphere.

Liquid culture
Each of four groups of twenty-four flat bottomed

microwells of a 96 microwell plate (Falcon, Becton-
Dickinson) was seeded with a different amount of
MoAb-treated cell suspension: 10 µL, 5 µL, 2 µL and
1 µL/microwell. These volumes corresponded,
respectively, to 10,000, 5,000, 2,000 and 1,000
LD/phag– cells before cytotoxicity. Each microwell
was filled with 100 µL of IMDM containing 20% FBS,
10% 5637 cell line supernatant, 30 ng/mL SCF and
15 ng/mL IL3. In some experiments, either SCF or IL3
or both were omitted from the culture medium. After
7 days of culture, 50 µL of medium were removed
from each well and replaced by an equal volume of
fresh medium and growth factors, then, at the 14th

day, 50 µL of fresh medium were added. From the
14th to the 35th day of culture, microwells were scored
weekly for the presence of evident cell growth (more
than 100 alive cells). The cloning efficiency, calculat-
ed on the basis of the proportion of growth-negative
wells by Poisson statistics and weighted mean
method,21 corresponded to the reciprocal of the cell
concentration that determined absence of growth in
37% of wells (Figure 1). Cloning efficiency was
expressed as number of clones/13105 starting (pre-
cytotoxicity) cells. 

Figure 1. Limiting dilution assay of CD33–/CD38– progenitor
cells.
One million LD/phag– cells underwent cytotoxic treatment
with CD33 and CD38 MoAb + complement, as described in
the Design and Methods section; they were then re-suspend-
ed in 1 mL of culture medium. Different volumes of such a cell
suspension (each µL corresponding to 1000 cells before cyto-
toxicity) were seeded  into groups of 24 wells and cultured
as described in the Design and Methods section. The per-
centages of wells with and without cell growth were scored
after 3-4 weeks. Values on the Y axis  represent the Log10 of
the percentage of negative wells and the two curves refer to
different BM samples. The cloning efficiency, calculated by
Poisson statistics and the weighted mean method,21 corre-
sponds to the reciprocal of the cell concentration that deter-
mined 37% of negative wells, (dashed line).
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In some experiments, cells from wells likely to con-
tain a single clone (rows with less than 30% growth-
positive wells)21 were harvested for counting, morpho-
logic examination and CFU-GM assay. Adherent
macrophages were detached after exposure to a 5%
trypsin/EDTA solution (GIBCO) for 15’ at 37°C, then
pooled with suspension cells from each well. Slides,
obtained by spinning in a Shandon cytocentrifuge,
were stained with  May-Grünwald-Giemsa stain. 

In order to test CFU-GM generation from CD33–/
CD38– progenitors, clones were harvested after 2-3
weeks of liquid culture and each was replated in a
well of a 24 well plate, containing 0.4 mL IMDM +
20% FBS + 10% 5637 cell line supernatant + 0.9%
methylcellulose (Dow, 4000 cps). Secondary colonies
were scored after 14 days.

LTC-IC assay
The same volumes of CD33–/CD38– cell suspension

used for the above described limiting-dilution cultures
were seeded into 96 flat bottomed microwells, each
containing BM stroma, subcultured from previously
established irradiated layers,3 and 100 µL of IMDM
with 12% FBS, 12% horse serum, 10-6 M hydrocorti-
sone and 10-4 M 2-mercaptoethanol.3 After 5 weeks,
all suspension and adherent cells from each well were
harvested, as above described, and cultured for CFU-
GM assay (see above). LTC-IC frequency was calcu-
lated from the proportion of CFU-GM-negative
wells.21

Statistics
The Wilcoxon matched-pairs signed-ranks test was

used to analyze the difference in colony growth in the
presence/absence of SCF. The differences in the con-
centration of total CFU-GM and CD33–/CD38– prog-
enitors in the BM of untreated and chemotherapy-
exposed subjects was evaluated by the Wilcoxon-
Mann-Whitney test.

Results

Cytotoxicity test and growth in semi-solid
medium of CD33–/CD38– progenitor cells

The treatment with CD33 + CD38 MoAb plus com-
plement almost totally prevented CFU-GM and BFU-E
growth in agar medium containing 5637 SN, IL3 and
EPO. Indeed, the median number of residual myelo-
monocytic colonies was 0.9% (range 0-5%) (Table 1)
of values detected in control cultures. The growth of
erythroid colonies was also strongly suppressed after
cytotoxic treatments in three experiments, with values
in control and  antibody-treated cultures of 120, 36,
172 and 0.5, 0, 2.5, respectively (average residual
growth after cytotoxicity: 1%). Mixed (CFU-GEMM
derived) colonies, occasionally observed in control cul-
tures, were never detected after cytotoxic treatment. A
99% reduction of total CD38+ cells was also detected
by direct immunofluorescence (data not shown). Con-
versely, control treatments with either MoAbs or com-

plement alone did not significantly reduce colony for-
mation (98% average CFU-GM growth, compared to
untreated cells).

In 11 experiments SCF was included in the culture
medium containing 5637 SN±IL3: some myeloid
colonies (median value 11 on 13105 LD/phag– cells,
range 3.5–67.5) constantly appeared from cells treat-
ed with MoAbs and complement (CD33–/CD38–

cells), reaching a median of 5% (range 1-19%) of  con-
trol CFU-GM values. The increment in colony growth
from CD33–/CD38– cells induced by SCF was highly
significant (p: 0.0044) and reached a median value of
910% (Table 1); conversely SCF increased by a medi-
an of only 32% (p: 0.013) the number of colonies aris-
ing from total LD/phag– cells (control cultures) (Table
1). Colonies arising from CD33–/CD38– cells reached
their maximum size after 3 weeks, surviving until the 4th

week; their number was unaffected by the presence or
absence of IL3 (data not shown).

Limiting-dilution liquid cultures
Cell growth became evident, in some microwells,

after the second week of culture. The frequency of
CD33–/CD38– progenitor cells giving rise to clones in
liquid culture was calculated between the 21st and 28th

day of culture, when the greater proportion of growth-
positive wells was reached (Figure 2). That frequency
was found to range, in normal BM samples, between
8.9 and 84.3 on 13105 LD/phag– cells (median value
14.9) (Table 2). In 14/15 tests the frequency of
CD33–/CD38– progenitor cells appeared to be some-
what higher (median +49%) in limiting-dilution liquid
culture than in agar medium colony-assay, in the pres-
ence of the same growth factor combination (com-
pare Table 2: controls to Table 1: CD33–/CD38– prog-
enitors in the presence of SCF). The largest clone size was
usually reached after 4 weeks of culture, most clones
including several thousands of cells (5,000-50,000) of
the granulo-monocytic lineage. Only a few clones con-
tained relatively small numbers of cells (100-500),
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Table 1. Effects of SCF on the growth of total CFU-GM and
CD33–/CD38– progenitor  cells in agar medium.

Colony values*

Progenitors Scf Mean Median Range Statistics°

Total CFU-GM – 115 104 37-240

Total CFU-GM + 147 136 48–326 p 0.013

CD33–/Cd38– – 3 1 0-11

CD33–/Cd38– + 22 11 3-67 p 0.004

*Total CFU-GM values expressed as colonies/4x104 untreated (controls)
LD/Phag– cells; CD33–/CD38– progenitors expressed as colonies/1x105

LD/Phag– cells exposed to CD33 and CD38 MoAb + complement, as
described in the Design and Methods section.
°Statistical analysis, by Wilcoxon matched-pairs signed-ranks test, of SCF-
induced differences in colony growth.
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usually macrophages. Erythroid cells were observed
occasionally in some microwells during the 2nd week of
culture, when EPO was present in the culture medium,
but later disappeared.

Growth factor requirement
The omission of SCF from the culture medium

resulted in more than one log decrease in the cloning
efficiency of CD33–/CD38– cells in liquid culture,
whereas only a minimal, not significant growth reduc-

tion was determined by the absence of IL3 (Figure 3).
SCF alone did not induce any clone growth (data not
shown). Further characterization of CD33–/CD38–

myeloid progenitors was performed by limiting-dilu-
tion liquid culture in  medium containing 5637 SN +
SCF + IL3.

Table 2. Frequency of total CFU-GM and CD33–/CD38– progenitors among BM cells of controls and chemotherapy-treated
patients.

Controls Chemotherapy-treated

Case # CFU-GM/ CD33–/CD38– Case # Diagnosis° CFU-GM/ CD33–/CD38–

40,000 cells^ 100,000 cells^ 40,000 cells^ 100,000 cells^

1 200 49.4 1 NHL 99 7.2
2 290 58.9 2 MM 99 0.8
3 284 8.9 3 MM 138 1.2
4 240 13.3 4 MM 105 0.3
5 142 13.9 5 HD 71 0.3
6 71 26.7 6 AML 95 0.6
7 62 25.3 7 MM 73 6.2
8 326 24.5 8 ALL 121 6.1
9 185 13.4 9 AML 23 0.3

10 81 9.9 10 NHL 172 71.0
11 178 84.3
12 121 15.9
13 120 10.8
14 103 10.2

Median 160 14.9 Median 99 1.0

*Normal donors or untreated patients without disease involving the myeloid lineage; ^Low density cells depleted of phagocyting cells (LD/Phag–). °NHL:
non-Hodgkin’s disease; MM: multiple myeloma; AML: acute myeloid leukemia; ALL: acute lymphoid leukemia.

Figure 2. Time-course appearance of clones from CD33–/
CD38– progenitor cells  in liquid culture.
LD/phag- BM cells underwent cytotoxic treatment with CD33
and CD38 MoAb + complement, and culture at limiting-dilu-
tion in the presence of 5637 SN, SCF and IL3. Clone numbers
were scored at weekly intervals and their frequencies were
calculated as described in the Design and Methods section.
Curves refer to different BM samples.

Figure 3. Growth of CD33–/CD38– progenitor cells in liquid
medium  with  different  growth  factor combinations.
LD/phag– BM cells underwent cytotoxic treatment with CD33
and CD38 MoAb + complement. They were then cultured at lim-
iting-dilution in liquid medium containing 5637 SN with/with-
out SCF and/or IL 3. Clones were scored after 4 weeks of cul-
ture and their frequencies were calculated as described in the
Design and Methods section. Bars represent the mean (±SD)
value of three experiments with different BM samples.
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Expression of HLA-DR molecules
The expression of HLA-DR molecules by CD33–/

CD38– progenitors was checked in four experiments
by a parallel cytotoxicity test that included anti-HLA-
DR together with CD33 and CD38 MoAbs. Anti-
HLA-DR MoAb reduced the frequency of CD33–/
CD38– clonogenic cells by more than one log  (aver-
age recovery 7.5±1.3%).

CFU-GM generation from CD33–/CD38–

progenitors
Seventy-six clones, from 3 experiments, were re-

plated in methylcellulose medium for CFU-GM assay.
Thirty-three clones (43%) showed the presence of
CFU-GM, as demonstrated by the growth of variable
numbers of colonies (1-98, median value: 5). Most
of these colonies survived in semisolid culture until
the third week; they were, however, of smaller size
(50–500 cells) than primary clones. In one experi-
ment secondary colonies were harvested, pooled and
re-plated but no tertiary colonies were detected (data
not shown).

LTC-IC
In three experiments a direct comparison was made

between the frequency of CD33–/CD38– progenitor
cells growing in stroma-free liquid culture and LTC-
IC. As shown in Table 3, a fair correlation was found
between the two values, LTC-IC corresponding to
29±2% of CD33–/CD38– progenitor cells.

CD33–/CD38– progenitors in the BM of
chemotherapy-treated patients

The frequency of CD33–/CD38– progenitors and of
total CFU-GM was evaluated in BM samples from 10
patients affected by different hematologic malignan-
cies (Table 2). All patients had undergone different
cytotoxic treatments 2-60 months before the test and
were in complete remission, with normal blood
counts and BM morphology. The proportion of
LD/phag– cells was also similar (10-15%) in chemo-
therapy-treated and in control BM samples (data not
shown). However, all but one patient displayed a
quite low frequency of CD33–/CD38– progenitor cells
(median value 1 on 13105 LD/phag– cells, range 0.3-
71): the difference from values observed with normal
BM samples was highly significant (p=0.0009). Con-
versely, total CFU-GM frequency was only moderately
reduced in patients’ (median value 99 on 43104

LD/phag– cells, range 23-172) compared to control
BM samples (median 181 on 43104 LD/phag– cells,
range 62-326) (p=0.04). The size of clones from both
total CFU-GM and CD33–/CD38– progenitors was
not different in control and patients’ cultures. 

Discussion
The aim of our study was to establish a stroma-

free culture system capable of quantifying, in 3-4
weeks, early myeloid progenitor cells (pre-CFU-GM)
in normal BM and in chemotherapy-treated patients.

These progenitors can be identified by immunofluo-
rescence as CD33–/CD38– cells.13,15 However, only
10-25% of cells with such a phenotype are clonogenic
in vitro and identifiable as LTC-IC or blast colony-
forming cells;6,13 moreover, they cannot be accurate-
ly quantified by immunofluorescence in BM samples
because of their low frequency (approximately 1% of
total CD34+ cells, 0.01% of the whole cellularity in
normal samples),13 which is at the lower limit of
detection by FACS analysis. Conversely, a clonogenic
assay can provide more precise information, partic-
ularly in cases with a lower than normal frequency.

Depletion of more differentiated CFU-GM was
achieved by MoAbs (in complement-dependent cyto-
toxicity) that, in our experience, gives more repro-
ducible results than cytotoxic drugs such as cyclo-
phosphamide metabolites. CD38 antigen was report-
ed to be expressed by all lineage-committed
hematopoietic progenitors, but we also added CD33
MoAb in the cytotoxicity assay to ensure the maximal
killing of mature progenitor cells. Indeed, the 99%
reduction of myeloid and erythroid colonies in stan-
dard culture conditions was indicative of a virtually
complete depletion of CD33+ and CD38+ cells. This
also avoided the need for morphologic analysis and/or
recloning of all the clones grown in liquid culture in
order to prove their origin from early progenitor cells,
as required by some blast cell colony assays.8-10

The optimal growth of CD33–/CD38– progenitor
cells was obtained in liquid culture, in the limiting-
dilution assay. The long growth time and the large size
of clones suggested that they originated from early
progenitor cells. This was also confirmed by the pres-
ence, in 43% of clones, of  CFU-GM capable of giving
rise to secondary colonies, in agreement with results
obtained by another group with CD34+/CD38–

cells.6,13

SCF was absolutely essential for CD33–/CD38– cell
growth, both in agar and in liquid cultures, whereas IL3
did not play a significant role. Therefore, a combina-
tion of growth factors, and particularly the presence of
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Table 3. Comparison of CD33–/CD38– progenitor growth in
stroma-free liquid culture and in LTC-IC assay.

Clones* in 
Experiment stroma-free culture LTC-IC°

1 13.2±2.5 4.6±1.2

2 58.9±10.7 17.9±2.8

3 49.4±8.8 11.4±2.1

CD33–/CD38– cells, obtained by complement-dependent cytotoxicity from
three normal BM samples, were cultured at limiting-dilution in stroma-free
liquid culture, in the presence of 5637 SN+ IL3 + SCF, and in stroma–con-
taining microwells for LTC-IC assay. *values refer to the number of clones
on 13105 pre-cytotoxicity LD/Phag– cells, evaluated as described in the
Design and Methods section; °values refer to the number of LTC-IC on
13105 pre-cytotoxicity LD/Phag– cells, evaluated as described in the
Design and Methods section.



SCF and 5637 SN (containing GM-CSF, G-CSF and IL
1),19,20 are required for an optimal growth of CD33–/
CD38– progenitors. SCF was reported to improve CFU-
GM and BFU-E growth greatly in the presence of sub-
optimal concentrations of CSF and EPO.22 However,
SCF activity on CFU-GM is less evident in the presence
of optimal CSF combinations, as observed in our
experiments with control cells stimulated by 5637 SN
(Table 1). Conversely, SCF was absolutely essential  for
CD33–/CD38– progenitor cells, in spite of the optimal
5637 SN concentration. In a previous report, CD38-
progenitor cells were efficiently stimulated to form
blast colonies by a growth factor mixture that did not
contain SCF but included IL6, IL3, GM-CSF, G-CSF
and EPO.13 Thus, IL6 may substitute SCF in stimulat-
ing CD38– progenitors, since it was described to syn-
ergize with IL3 in driving quiescent early hematopoiet-
ic progenitor/stem cells into proliferative activity.8

More recent results have, however, reiterated the neces-
sity of SCF, together with Flt3- ligand, IL-3, IL-6 and G-
CSF for optimal CD34+/CD38– cell growth and LTC-IC
expansion in vitro.23,24

More than 90% of CD33–/CD38– progenitor cells
were found to express HLA-DR antigens. Moreover
no erythroid cells could be generated in long-term cul-
ture. Thus CD33–/CD38– progenitor cells  probably
represent a more differentiated cell population than
LTC-IC, that lack or minimally express HLA-DR anti-
gens.3,25 Indeed, it was reported that LTC-IC represent
only 10-20% of CD34+/CD38– BM cells.6 However,
we found an almost constant ratio of LTC-IC/
CD33–/CD38– progenitor cells in three of our experi-
ments (Table 2), in spite of a wide variation in their
absolute numbers. It is, therefore, possible that a
minority of progenitors that formed clones in our cul-
ture system actually represented LTC-IC.

The frequency of CD33–/CD38– progenitors among
LD/phag– BM cells was found to be greatly reduced in
9/10 patients who had received cytotoxic chemother-
apy, in spite of normal blood counts and BM cellular-
ity. Since the proportion of LD/phag– cells and total
cellularity were comparable to those observed in nor-
mal BM samples, a true depletion of CD33–/CD38–

progenitors occurred in the BM of these patients. The
frequency of total CFU-GM too was somewhat
reduced in BM of most chemotherapy-treated patients,
a finding which is in agreement with results from
another group.26 The differences from control values
were not, however, so evident as those observed with
earlier progenitors. It is possible that long-term dam-
age to the hemopoietic system caused by cytotoxic
drugs may become evident as a reduction of earliest
progenitor/ stem cells before a clear depletion of CFU-
GM and BM cellularity occurs. Indeed, the only patient
with normal values of both total CFU-GM and
CD33–/CD38– progenitors had been off therapy for
four years, after receiving a short-term course of
chemotherapy (MACOP-B).27 This chemotherapy is
unlikely to be very toxic for early hematopoietic stem

cells because of the use of a single alkylating agent
(cyclophosphamide) to a low cumulative dosage.
However, the small number of patients and the het-
erogeneity of their diseases do not allow definitive con-
clusions to be drawn.

Nevertheless, the quantification of CD33–/CD38–

progenitors could represent a useful test for ascer-
taining sub-clinical long-term BM toxicity of anti-neo-
plastic drugs. Indeed, we have recently confirmed a
long-lasting depletion of both CD33–/CD38– prog-
enitors and LTC-IC in most patients successfully
autotransplanted with BM or peripheral blood prog-
enitor cells (manuscript in preparation). 

Moreover, compared to those of other methods
exploring the early hematopoietic compartment, the
simpler procedure and shorter incubation time of our
assay make it valuable for transplantation purposes
too, in estimating the amount of immature  myeloid
progenitors in BM harvests and leukapheresis collec-
tions. Indeed, the amount of CD38– progenitor cells
autotransplanted has recently been found to predict
early myeloid regeneration more accurately28 than
total CD34+ cells.29,30
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