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D34, a heavily glycosylated membrane
molecule, is characteristically expressed
on early and committed hematopoietic

progenitor cells (HPC).1,2 This antigen is present
on 1-3% of normal bone marrow (BM) cells, on
0.01-0.1% of peripheral blood (PB) cells and on
0.1-0.4% of cord blood (CB) cells. Marked
increases of PB CD34+ cells occur during the

recovery phase after myelosuppressive chemo-
therapy and/or growth factor administration.3,4

These cells, which can be estimated by flow
cytometry, collected on a large scale by leuka-
pheresis and cryopreserved for transplantation,
are able to engraft and to reconstitute hemo-
poiesis after myeloablative therapy.5,6 PB HPC
transplantation is increasingly used for treating
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ABSTRACT
Background. Hematopoietic progenitor cells (HPC), identified by expression of the CD34 surface

antigen, show morphological and phenotypic heterogeneity in bone marrow (BM) and peripheral
blood (PB).

Methods. CD34+ HPC subpopulations present in 18 PB leukaphereses after high-dose chemother-
apy in cancer patients and in 11 BM samples from patients with stage IA lymphoma were character-
ized. In order to identify CD34+ HPC subsets within these two compartments, the expression of lin-
eage- or activation-associated antigens and the c-kit gene product (CD117) was studied by flow
cytometry, using a large panel of monoclonal antibodies (MoAb) in double labelling. 

Results. We observed a higher proportion of CD34+/CD13+ and CD34+/CD33+ cells (myeloid com-
mitment) in harvested leukapheresis products than in BM. On the contrary, a higher percentage of
CD34+/CD10+ and CD34+/CD19+ cells (B-lymphoid commitment) was found in BM. The percentage
of the most immature subset of CD34+ HPC (CD38– and HLA-DR–) was also higher in BM than in
mobilized PB. No differences in proportions were found with respect to the expression of CD14,
CD15, CD45RA (myeloid commitment), CD2, CD5, CD7 (T-lymphoid commitment), CD117, CD71
and CD45RO antigens. In terms of absolute values, however, significantly higher amounts of CD34+

HPC co-expressing CD13, CD33, CD5, CD7, CD71, CD117, CD45RA, CD45RO were detected in
leukaphereses than in BM. The absolute number of immature HPC (CD34+/CD38– and CD34+/HLA-
Dr–) was also significantly increased in mobilized PB. 

Conclusions. Our data confirm the heterogeneous phenotypic profile of HPC, thus supporting the
hypothesis that different CD34+ subpopulations may have clinical relevance on the rapidity and
long-term durability of engraftment in patients who undergo high-dose chemotherapy followed by
rescue with HPC. We also demonstrated that mobilized PB is a particularly rich source of both
primitive and committed HPC, more than BM. 

Key words: hematopoietic progenitor cells, CD34, peripheral blood stem cell transplantation, flow cytometry, leuka-
pheresis, bone marrow



217CD34+ subpopulations in mobilized peripheral blood and bone marrow

high-risk malignancies such as leukemia, lym-
phoma, myeloma or solid tumors.7 In fact, PB
HPC transplant usually provides earlier platelet
and neutrophil recovery, less need for blood
products and parenteral antibiotics and shorter
hospitalization than BM rescue.8,9 The enor-
mous number of committed HPC is likely to
account for the extremely rapid hematopoietic
recovery following PB cell transplantation. On
the other hand, the large absolute number of
primitive HPC, although decreased percentage-
wise with respect to BM, is likely to account for
the long-term durability of the hematopoietic
system reconstituted by PB cell transplanta-
tion.10 This latter notion has literally abolished
the use of BM in favor of PB for HPC transplan-
tation. 

Since the CD34+ cell population is extremely
heterogeneous both in size and surface expression
of activation- and lineage-specific antigens,11-13 in
the present investigation a flow cytometric assay
of CD34+ cells was performed on both mobilized
PB and BM from patients with neoplastic disor-
ders, in order to evaluate the amount and pheno-
typic profile of the CD34+ subpopulations. 

Materials and Methods

Samples
Eighteen unfractionated heparinized PB

leukapheresis samples from patients suffering
from neoplastic diseases (6 breast and 1 testicu-
lar cancer, 6 non-Hodgkin’s lymphoma, 5 mul-
tiple myeloma) and undergoing mobilizing
high-dose chemotherapy (cyclophosphamide 4
or 7 g/sqm) followed by daily subcutaneous
administration of G-CSF (5 µg/kg body weight),
and eleven unfractionated heparinized BM sam-
ples obtained from patients with stage IA
Hodgkin or non-Hodgkin’s lymphomas were
analyzed. The mean absolute number of mono-
nuclear cells was 38.173109/L (range 18.53-
117.643109/L) in the leukapheresis products,
and 16.853109/L  (range 14.68-23.13109/L) in
BM. The normal BM of a donor and that of a
patient with acute myeloid leukemia in com-
plete remission, used, respectively, for syngeneic
and autologous BM transplants, were also

selected and analyzed for single comparisons
just before in vivo infusion. The MoAb used in
double labelling with fluorescein isothiocyanate
(FITC)- or phycoerythrin (PE)-labeled MoAb
8G12 directed against CD34 (HPCA-2) are list-
ed in Table 1. 

Preparation of cells
One hundred µL of whole mobilized PB or

BM were simultaneously incubated at 4°C in the
dark for 25 minutes with 10 µL FITC- or PE-
labeled MoAb recognizing single antigens and
CD34. After red blood cell lysing (Lysing
Solution, Ortho Diagnostic) and two washings
by centrifugation in phosphate-buffered saline
containing 0.1% sodium azide and 0.5% bovine
serum albumin, the samples were analyzed by
flow cytometry. 

Flow cytometric study
Data were collected on a FACSort flow

cytometer (Becton Dickinson) equipped with a
15 mW argon laser emitting at 488 nm and Lysis
II software. All channels were set to record in
the logarithmic mode. In order to obtain a high

Table 1. Monoclonal antibodies used in the study.

MoAb Cellular specificity Source 

CD34 (HPCA-2) Hemopoietic progenitors BD 

HLA-DR (OK-DR) Activated progenitors OD 

CD38 (Leu-17) Activated progenitors BD 

CD71 (transferrin receptor) Activated progenitors BD 

CD117 (c-Kit receptor) Stem cell factor receptor IT 

CD45RA (Leu-18) Myeloid precursors BD 

CD45RO (Leu-45RO) Early progenitors, erythroid IT 
precursors

CD2 (Leu-5b) T-lymphoid precursors BD 

CD5 (Leu-1) T-lymphoid precursors BD 

CD7 (Leu-9) T-lymphoid precursors BD 

CD10 (OK-BCalla) B-lymphoid precursors OD 

CD19 (Leu-12) B-lymphoid precursors BD 

CD13 (Leu-M7) Myeloid precursors BD 

CD33 (Leu-M9) Myeloid precursors BD 

CD14 (Leu-M3) Myeloid precursors BD 

CD15 (Leu-M1) Myeloid precursors BD 

CD41 (GpIIb/IIIa) Platelet precursors IT 

BD: Becton Dickinson; OD: Ortho Diagnostic; IT: Immunotech;
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number of CD34+ events for phenotyping
CD34+ cells, an acquisition gate was set accord-
ing to side light scatter and fluorescence intensi-
ty so as to collect only cells with CD34 fluores-
cence signals, as shown in Figure 1. More than
3000 positively gated events were stored in list
mode data files and analyzed for two-color fluo-
rescence. 

Statistics
The Student’s t-test was used, as appropriate,

for statistical analysis.

Results
The mean total percentage of CD34+ cells in

mobilized PB and BM was 4.6%±2.5 and
0.9±0.3, respectively (p < 0.0001). The mean
absolute number/µL of CD34+ cells was
1965±1981 in PB and 161.9±53.4 in BM (p <
0.003). Figure 2 illustrates some examples of
CD34 co-expression with other surface antigens
tested on HPC from leukaphereses and BM.

Myeloid commitment
Mobilized PB showed a higher proportion and

a higher absolute number of both CD34+/CD13+

and CD34+/CD33+ cells than BM. The difference
was statistically significant (Figure 3A and 3B).
We found no relevant difference between the
two compartments with respect to the co-
expression of CD14, CD15 and CD41, either in
proportional or absolute terms (Figure 3A and
3B). 

Lymphoid commitment
A comparison between the percentage of

CD34+ cells co-expressing B- and T-lymphocyte-
associated cell surface molecules in PB and BM
is shown in Figure 4A. A significantly higher
percentage of CD34+/CD10+ and CD34+/CD19+

cells (indicating B-lymphoid commitment) was
found in BM. However, the absolute number of
these B-precursors was similar in PB and BM
(Figure 4B). No statistical differences were
detected in a proportional analysis of the small
subset of CD34+ HPC co-expressing the T-anti-
gens CD2, CD5 and CD7; however, the absolute
number of CD34+/CD5+ and CD34+/CD7+ cells

was slightly, but significantly, increased in mobi-
lized PB (Figure 4A and 4B). 

Other antigens
The majority of CD34+ cells expressed the

transferrin receptor (CD71), both in mobilized
PB and BM. Moreover, no statistical difference
was found between the two compartments with
respect to the percentage of CD45RA, CD45RO
and CD117 expression on CD34+ cells. The per-
centage of CD34+/HLA-DR– and CD34+/CD38–

primitive progenitor cells was significantly
increased in BM (Figure 5A). However, the
absolute number of all these subsets of CD34+

cells was significantly higher in mobilized PB
than in BM (Figure 5B). 

Light scatter properties
With regard to their light scatter properties,

CD34+ cells of both sources were heterogeneous
and confined within the lymphoid blast region
(Figure 6). We arbitrarily divided this popula-
tion into two regions: a smaller one (R1) con-
taining cells with low forward (FSC) and very
low side scatter (SSC), and a second region (R2)
containing intermediate to high forward and
low side light scattering cells. Regarding the
FSC/SSC distribution of the different antigens
tested, the most immature CD34+ HPC (HLA-
DR–, CD38– and lineage-antigen negative) were
confined to region R1. 

Figure 1. Dot-plot displaying CD34+ expression versus side scatter (granu-
larity). To obtain a maximum number of CD34+ events, an acquisition gate
was set according to fluorescence intensity and side light scatter.
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Figure 2. Contour plots showing some examples of CD34 (PE or FITC) co-expression with HLA-DR (PE), CD33 (PE), CD19 (FITC) and c-kit (PE) in BM (left) and
mobilized PB (right).
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Figure 3. Bar graphs showing mean proportional (A) and absolute (B) values of myeloid antigen co-expression on CD34+ cells in mobilized PB and BM.

Figure 4. Bar graphs showing mean proportional (A) and absolute (B) values of lymphoid antigen co-expression on CD34+ cells in mobilized PB and BM.

Figure 5. Bar graphs showing mean proportional (A) and absolute (B) values of other antigen co-expression on CD34+ cells in mobilized PB and BM.
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Discussion
Our data confirm that the CD34 molecule is

expressed on HPC in mobilized PB and BM
from cancer patients, but some significant dif-
ferences were revealed by the heterogeneous co-
expression of other antigens. In particular, both
primitive and committed HPC were found in
PB, as suggested by previous culture and immu-
nological studies.14-19 Moreover, we found a
direct relationship between light scattering
properties and degree of differentiation of CD34
cells.

Leukaphereses were characterized by a higher
number of CD34+ cells with co-expression of
myeloid antigens (CD13+ and CD33+) than BM,
both proportionally and in absolute terms. This
is in agreement with other reports,14-16,19 and sup-
ports the hypothesis that the rapid hematologic
recovery after PB HPC transplantation is proba-
bly due to the presence of a very large number
of CD34+ cells with advanced myeloid commit-
ment. No differences in the expression of other
mature myeloid antigens (CD14, CD15 and
CD41) were found. 

Although CD10 and CD19 (B-lineage com-
mitment) expression was more frequent on BM
CD34+ cells, no statistical difference was seen in

absolute terms with respect to mobilized PB. By
contrast, a moderate increase in the absolute
number of CD34+ cells co-expressing the T-cell
antigens CD5 and CD7 was observed in leuka-
phereses. Whether this difference may be rele-
vant in the immunological recovery of patients
transplanted with mobilized PB or BM remains
to be established. 

Recently, Terstappen and Huang demonstrat-
ed the existence in fetal BM of a very small sub-
set of CD34+ HPC that generate both hemato-
poietic and stromal cell lineages (the true com-
mon stem cell, as defined by the absence of
CD38 and HLA-DR on their surface).2 0 - 2 2

Further studies have supported this original
observation.23,24 This cell subset seems to be
especially numerous in CB.25-28 In our study we
found a small number of these cells proportion-
ally more represented in BM; however, the
absolute values of these primitive HPC were sig-
nificantly higher in mobilized PB, as already
reported.29,30 This suggests that the long-term
stability of hematopoiesis after peripheral HPC
transplant is probably assured by the significant
presence of these cells in mobilized PB.

CD71 identifies the transferrin receptor,
which is highly expressed on early erythroid
progenitors and (at lower levels) by dividing
cells, since iron is a basic requirement for prolif-
eration.31 In our study, the majority of both PB
and BM CD34+ cells were found to co-express
CD71, thus indicating that they were potentially
clonogenic cells. The common leukocyte anti-
gen (CD45) is a highly glycosylated cell surface
protein expressed exclusively on cells of the
hematopoietic system.32 CD45RO and CD45RA
(two isoforms of CD45) expression on CD34+

cells is mutually exclusive. Thus CD34+ cells can
be divided into two distinct subpopulations on
the basis of CD45 isoform expression. The
majority of primitive CD34+ cells co-express
CD45RO; when they differentiate along the ery-
throid lineage, the total level of CD45 expression
decreases. CD45 disappears from mature ery-
throid cells. Myeloid commitment coincides
with the loss of CD45RO and expression of
CD45RA.33 In our experience, only a small num-
ber of CD34+ cells were also found to be
CD45RO+. A higher percentage co-expressed the

Figure 6. Representative dot plot of a typical profile (forward versus side
light scattering) of CD34+ cells. According to light scatter properties, the
CD34+ cells were divided into two regions (R1 and R2).



CD45RA antigen in PB as well as in BM without
significant differences, but the absolute value of
both these subpopulations was significantly
higher in PB. CD117 recognizes the cell surface
molecule encoded by the proto-oncogene c-kit,
the receptor for stem cell factor, an important
molecule that regulates early events occurring
during human hematopoiesis.34,35 This antigen
interacts synergistically with a number of cyto-
kines to augment directly the proliferative
capacity of primitive human hematopoietic
progenitor cells.36,37 In our study, CD117 divided
the CD34+ progenitor cell population into two
subsets: a larger one co-expressing c-kit, and a
smaller one showing no reactivity to the c-kit
antibody. There were no differences in the per-
centages of these cells in BM and PB leuka-
phereses; however, CD34+/CD117+ cells were
once again significantly more represented in
absolute values in PB. 

In conclusion, the most striking differences
observed regarding the phenotypic profiles of
CD34+ cells were: 1) a high percentage of
myeloid CD34+ cells co-expressing CD33 and
CD13 molecules in PB, which resulted in a very
high absolute number of these cells in leuka-

phereses; 2) a moderate increase in the absolute
number of T-committed precursors in PB with
respect to BM; 3) a higher proportion of less
differentiated (CD38– and HLA-DR–) CD34+

cells in BM than in PB; however, the absolute
number of these primitive HPC was significant-
ly higher in PB. These quantitative differences,
in particular those regarding the content of early
and committed CD34+ cells, were even more
evident when selected final pre-transplant prod-
ucts were analyzed (Figure 7). On this basis, the
immunological characteristics of CD34+ cells
present in PB and BM could significantly influ-
ence the engraftment phase and hematopoietic
recovery in cancer patients treated with high-
dose chemotherapy followed by HPC rescue. 
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