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SUMMARY

In peripheral blood progenitor cell (PBPC) collections from patients with solid tumour or haematolo-
gical malignancy, monocytes were separated into two subpopulations. The majority of monocytes
expressed CD14 at a high density without CD16 antigen (the CD14þCD16¹ monocytes). The remaining
monocytes co-expressed CD14 and CD16 (the CD14þCD16þ monocytes). These CD14þCD16þ

monocytes amounted to 20·66 15·8%, while those in peripheral blood (PB) obtained from healthy
volunteers were 7·36 3·1% (P<0·05). When subdividing the CD14þCD16þ monocytes into
CD14brightCD16dim and CD14dimCD16bright cells, both populations were found to be increased in
PBPC collections. Since typical CD14þCD16þ monocytes are the CD14dimCD16bright population, we
compared the additional surface antigens on CD14dimCD16bright monocytes with those of
CD14þCD16¹monocytes. In PBPC collections, the CD14dimCD16bright monocytes exhibited lower
levels of CD11b, CD15, CD33 and CD38 expression and higher levels of CD4, CD11a, CD11c and
MHC class II, and also revealed a higher percentage of CD4þ cells and a lower percentage of CD15þ

cells and CD38þ cells, compared with the CD14þCD16¹ monocytes. When compared with the
CD14dimCD16bright monocytes in PB, those in PBPC collections exhibited higher expression of CD4
and lower expression of CD11b, and also showed higher percentages of CD4þ cells and CD38þ cells
and a lower percentage of CD11bþ cells. These results suggest that PBPC collections may be rich in the
CD14þCD16þ monocytes in which the proportion of the immature population is increased. It is
likely that these monocytes participate in the haematological and immune recovery after PBPC
transplantation.
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INTRODUCTION

Autologous peripheral blood progenitor cell transplantation
(PBPCT) has been used in a manner similar to autologous bone
marrow transplantation (BMT) as a method to restore haemato-
poietic function following the administration of high-dose chemo-
therapy to treat solid tumours or haematological malignancies
[1,2]. Recently, allogeneic PBPCT has been also used as a
substitute for allogeneic BMT in patients with haematological
diseases [3]. Leukapheresis collections for peripheral blood pro-
genitor cells (PBPC) contain many monocytes and T lymphocytes
that are thought to be major cellular sources of cytokines [4]. It is
supposed that these cells play an important role in haematological

recovery or immune response to malignant cells in the transplant
patients.

The expression of CD14 and CD16 antigens suggests at least
two subsets of monocytes with distinct functional properties [5,6].
The majority of blood monocytes are CD16¹ and exhibit strong
CD14 expression (the CD14þCD16¹ monocytes) [6]. The other
subpopulation of monocytes shows a low level of CD14 expression
and is CD16þ (the CD14þCD16þ monocytes), and these
CD14þCD16þ cells represent about< 10% of total blood mono-
cytes [7,8]. The functional significance of this small CD16þ

population remains unclear. Since some cytokines are capable of
inducing the CD14þCD16þ monocytesin vivo, it is conceivable
that these cells increase in number in diseases that involve cytokine
production [6]. In fact, an elevation of CD14þCD16þ monocytes
in peripheral blood (PB) was reported in patients with bacterial
sepsis [9], tuberculosis [10], AIDS [11] or cancer [12]. The
CD14þCD16þ monocytes also enhance cytokine production [6],
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and may participate in immune responses to infection or
malignancy.

In this study, we show an increase in CD14þCD16þ monocytes
in PBPC collections obtained from patients with malignancy. To
assess the role of these monocytes in specific or unspecific immune
response to malignancy or in the regulation of haematopoiesis after
PBPCT, the surface antigens associated with differentiation and
function on the CD14þCD16þ monocytes were analysed by flow
cytometry.

MATERIALS AND METHODS

Mononuclear cell preparation
The clinical characteristics of the nine patients evaluated appear in
Table 1. For the mobilization of PBPC, two patients with breast
cancer were treated with CAF chemotherapy which consisted of
cyclophosphamide 500 mg/m2 (day 1), adriamycin 40 mg/m2 (day
1) and 5-fluorouracil 500 mg/m2 (day 1), and seven patients with
haematological malignancy (three with acute leukaemia and four
with malignant lymphoma) were treated with the Ara-Cþ MIT
regimen (cytarabine 500 mg/m2 ×2 (days 1–6) and mitoxantrone
7 mg/m2 (days 2–4)), or the high-dose VP16 regimen (etoposide
500 mg/m2, days 1–5). Granulocyte colony-stimulating factor (G-
CSF; Filgrastim; Kirin Brewery, Tokyo, Japan) was administered
to all patients at a dose of 50–200mg/m2 by subcutaneous injec-
tion, from leucocyte suppression (# 1×109/l) until apheresis
completion. After they had given their informed consent, single
apheresis collections for PBPC were prepared using a continuous-
flow blood cell separator (Cobe spectra; Cobe BCT, Lakewood,
CO). We examined fresh PBPC collections from the first
apheresis. PB samples were obtained from healthy volunteers,
and mononuclear cells (MNC) were separated by density gradient
centrifugation, and used directly.

Immunofluorescence staining of monocytes
Table 2 summarizes the MoAbs used. PBPC collections or MNC

from PB were washed twice with cold Dulbecco’s PBS, and
incubated for 30 min with appropriately diluted MoAbs according
to the results of their titration or with the isotype control antibodies
obtained from the same source. Cells were then washed twice with
PBS and prepared for analysis.

Flow cytometric analysis
Monocyte phenotypic profiles were obtained by flow cytometry
using a FACScan Analyser (Becton Dickinson, Mountain View,
CA). A minimum of 50 000 events were measured for each sample.
The acquisition modes of forward and side scatter (FSC, SSC)
were linear, and those of the three fluorescent colours were
logarithmic. The monocyte gate was defined by FSC and SSC in
data analysis, using the Lysis II software (Becton Dickinson), and
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Table 1. Patient characteristics

Regimen for Leucocyte count at
Age (years) Status at PBPC consolidation time of apheresis

Subject /sex Diagnosis harvest chemotherapy* (× 109/l)

1 55/F Breast cancer Partial response CAF† 9.4
2 49/F Breast cancer Complete response CAF 24.8
3 25/F AML (M0) Complete remission Ara-Cþ MIT‡ 17.0
4 61/M AML (M2) Complete remission Ara-Cþ MIT 22.0
5 15/M ALL (L2) Complete remission Ara-Cþ MIT 11.3
6 24/M NHL Complete remission VP-16§ 15.8
7 36/F NHL Complete remission VP-16 20.8
8 24/F NHL Complete remission VP-16 10.2
9 61/M NHL Complete remission VP-16 13.8

F, Female; M, male; AML, acute myelogenous leukaemia; ALL, acute lymphoblastic leukaemia; NHL, non-Hodgkin’s
lymphoma.

*Granulocyte colony-stimulating factor (G-CSF) was administered to all patients by subcutaneous injection at a dose of
50–200mg/m2.

†CAF, Cyclophosphamide 500 mg/m2 per day i.v. day 1, adriamycin 40 mg/m2 per day i.v. day 1, 5-fluorouracil 500 mg/m2

per day i.v. day 1.
‡Ara-Cþ MIT, Cytarabine 500 mg/m2 ×2 per day i.v. days 1–6, mitoxantrone 7 mg/m2 per day i.v. days 2–4.
§VP-16, Etoposide 500 mg/m2 per day i.v. days 1–5.
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Fig. 1.Fluorescence characteristics of monocytes obtained from peripheral
blood progenitor cell (PBPC) collections (a) and peripheral blood (PB) (b).
MNC were stained with anti-CD14–FITC and anti-CD16–PE-CY5 con-
jugate. The expression profiles of CD14 (ordinate) and CD16 (abscissa)
within the monocyte gate are represented. The R1 gate delineates the
CD14þCD16¹ cells within the monocyte gate, and the R2 gate the
CD14dimCD16bright cells. The percentages of the CD14þCD16þ monocytes
in representative cases were 16·1% (a) and 5·9% (b), in which those of the
CD14dimCD16bright population were 5·5% (a) and 3·3% (b), respectively.



was adjusted to contain>95% CD14þ cells in all samples tested.
CD14þCD16¹ or CD14dimCD16bright monocytes were selected
within the monocyte gate (Fig. 1). The expressions of third surface
markers were investigated in the histogram mode, and the results
were expressed as the mean fluorescence intensity (MFI) on the
logarithmic fluorescence scale and the proportion of positive cells.

Statistical analysis
Statistically significant differences were assessed using the Mann–
Whitney U-test or the Wilcoxon signed rank test.

RESULTS

In PBPC leukapheresis collections obtained from patients with
solid tumour or haematological malignancy, monocytes were
apparently separated into two subpopulations: CD14þCD16¹ and
CD14þCD16þ monocytes (Fig. 1). The CD14þCD16þ monocytes
in PBPC collections accounted for 20·66 15·8% (mean6 s.d.),
and those in PB obtained from healthy volunteers (7·36 3·1%),

this difference being significant (P<0·05). Although typical
CD14þCD16þ monocytes expressed lower levels of CD14 and
higher levels of CD16 (the CD14dimCD16bright cells), the
CD14þCD16þ monocytes with low-density expression of CD16
antigen (the CD14brightCD16dim cells) as well as the
CD14dimCD16bright cells increased in PBPC collections. The
CD14 expression of the CD14brightCD16dim monocytes was equal
to that of CD14þCD16¹ monocytes.

Co-expression of various antigens associated with monocyte
differentiation and function was also examined. We limited our
investigation to the differences between the CD14þCD16¹ mono-
cytes and the typical CD14þCD16þ (CD14dimCD16bright) mono-
cytes. Three-colour immunofluorescence was obtained by staining
with CD14–FITC, CD16–PE-CY5 and a third PE-conjugated
MoAb, or with CD14–PE, CD16–PE-CY5 and a FITC-conjugated
MoAb. Figure 2 shows an example of the cluster distributions in
the surface antigens seen in a PBPC collection. A summary of
phenotypic data on the CD14þCD16¹ monocytes and the
CD14dimCD16bright monocytes is presented in Table 3. To provide
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Table 2. Specificity of monoclonal antibodies

MoAb Predominant reactivity Clone Label Source*

CD14 Monocytes, granulocytes, dendritic cells, macrophages, B cells JML-H14 FITC JML
MfP9 PE† BD

CD16 NK cells, granulocytes, macrophages, monocytes 3G8 PE-CY5 Immunotech
CD4 Helper/inducer T cells, monocyte subset, cortical thymocyte subset D11 PE Coulter
CD11a Most of lymphoid and myeloid cells 25.3 FITC Immunotech
CD11b Granulocytes, monocytes, NK cells, macrophages 2LPM19c PE Dako
CD11c Monocytes, granulocytes, macrophages, lymphocyte subset B-ly6 PE PharMingen
CD15 Granulocytes, monocyte subset, Reed–Sternberg cells MMA FITC BD
CD33 Pan-myeloid, majority of monocytic cells M33 FITC JML
CD38 Plasma cells, thymocytes, activated T and B cells, monocytes, precursor cells HB-7 PE BD
I3‡ B cells, monocytes, activated T cells 9-49 FITC Coulter

*JML, Fukuoka, Japan; Becton Dickinson Immunocytometry Systems (BD), San Jose, CA; Immunotech, Marseille, France; Coulter, Hialeah, FL;
Dako Ltd, Glostrup, Denmark; PharMingen, San Diego, CA.

†PE-labelled anti-CD14 MoAb was used to identify subpopulations where second antibody was FITC-labelled. Although percentage of cells did
not differ, mean fluorescence intensity (MFI) was significantly different, therefore all MFI data with respect to CD14 were obtained using FITC-
labelled antibody.

‡I3 is reactive with MHC class II (HLA-DR, -DP and -DQ) antigens.

CD4 CD11b CD15 CD38

CD4 CD11b CD15 CD38
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Fig. 2. Representative histograms of some phenotypic markers on monocytes from a peripheral blood progenitor cell (PBPC) collection. The fluorescence
intensity (abscissa) is expressed on a logarithmic scale. The histogram profiles of CD4, CD11b, CD15 and CD38 antigens within the CD14þCD16¹

monocyte gate (a) or the CD14dimCD16bright monocyte gate (b) are represented as bold lines. The broken histograms represent the binding of the isotypic
control MoAb.



normal expression of surface antigens on blood monocytes, PB
from eight healthy volunteers was processed and stained with the
same MoAb panel (Table 3).

The CD14dimCD16bright monocytes in PBPC collections
exhibited lower levels of CD11b, CD15, CD33 and CD38
expression, and higher levels of CD4, CD11a, CD11c and MHC
class II, and also revealed a higher percentage of CD4þ cells and
lower percentages of CD15þ cells and CD38þ cells, compared with
CD14þCD16¹ monocytes (Table 3). There were no differences
between the CD14þCD16¹ monocytes and the CD14dimCD16bright

monocytes in the proportions of the other surface antigens.
When compared with the monocytes obtained from healthy

volunteers’ blood, the CD14dimCD16bright monocytes in PBPC
collections exhibited higher expression of CD4 and lower
expression of CD11b, and showed higher percentages of CD4þ

cells and CD38þ cells and a lower percentage of CD11bþ cells
(Table 3). The CD14þCD16¹ monocytes in PBPC collections
expressed lower CD11b and higher CD38, and showed lower
proportions of CD11bþ cells and CD15þ cells (Table 3). All of
these results have significant differences (P< 0·05).

DISCUSSION

In PBPC collections as well as in PB, two subpopulations of
monocytes were revealed. The CD14þCD16þ monocytes in PB
from healthy subjects account for<10% [7,8]. From the analysis of
the monocyte subpopulation in this study, PBPC collections may
contain more CD14þCD16þ monocytes than PB. An elevation of
blood CD14þCD16þ monocytes has been reported in patients with
various diseases [9–12], but there were no obvious differences
between the diseases or treatments in our study, although the
number of patients was small.

The CD14þCD16þ monocytes can be subdivided into
CD14brightCD16dim and CD14dimCD16bright cells; the typical
CD14þCD16þ monocytes in PB are the CD14dimCD16bright popu-
lation [5,6]. In PBPC collections both populations increased.
Similar results were observed in patients or normal volunteers
treated with M-CSF [12,13]. The CD16dim monocytes were also
detected in fetuses and neonates [14,15]. These CD16dim mono-
cytes may represent intermediate forms that go on to down-
regulate CD14 in order to develop into the CD14dimCD16bright

cells [6], suggesting that PBPC collections are rich in immature
CD14þCD16þ monocytes.

Additional markers on the monocytes obtained from PBPC
collections were analysed (Table 3). The CD33 and the CD38
antigens which are highly expressed on myelomonocytic precursor
cells decrease with differentiation [16,17]. The CD15 antigen is
generally expressed on most terminally differentiated myeloid
cells, but its expression on macrophages is at a lower level
[18,19]. On alveolar macrophages andin vitro differentiated
macrophages, lower expressions of CD11b, CD15 and CD33,
and higher expression of MHC class II were found when compared
with blood monocytes [8,18]. In this study, the CD14dimCD16bright

monocytes expressed lower levels of CD11b, CD15, CD33 and
CD38 antigens and higher MHC class II than the CD14þCD16¹

monocytes, suggesting that CD14dimCD16bright monocytes are
more differentiated toward tissue macrophages.

The CD14dimCD16bright monocytes in PBPC collections had
higher CD4, CD11a, CD11c and MHC class II expression compared
with CD14þCD16¹ monocytes (Table 3). Since macrophages reveal
no enhancement of CD11a and CD11c expression [18], the
CD14þCD16þ monocytes may be more efficient in integrin-
dependent adhesion processes than macrophages. The higher
expression of MHC class II suggests that the CD14dimCD16bright

60 M. Tanakaet al.

q 1999 Blackwell Science Ltd,Clinical and Experimental Immunology, 116:57–61

Table 3. Comparison of antigen expression between two subpopulations of monocytes

PBPC collections from patients (n¼ 9) PB from healthy volunteers (n¼ 8)
Measured
parameter CD14þCD16¹ CD14dimCD16bright CD14þCD16¹ CD14dimCD16bright

CD4 MFI 23·96 9·5 95·76 32·2** 19·36 6·0 38·76 16·8*
% positive 51·86 18·3 97·86 3·5** 51·36 24·7 89·56 6·9*

CD11a MFI 185·36 19·8 343·76 48·2** 184·56 37·6 324·36 73·9*
% positive 100·06 0·0 100·06 0·0 100·06 0·0 100·06 0·0

CD11b MFI 60·86 26·0* 41·26 21·1 208·76 68·5* 84·56 38·5
% positive 82·16 15·1 77·36 19·4 98·26 1·8* 89·56 10·4

CD11c MFI 239·56 95·0 600·46 259·8* 264·56 74·4 684·86 83·5*
% positive 99·26 1·6 99·96 0·3 99·56 0·5 99·76 0·3

CD15 MFI 50·66 37·0* 11·16 5·9 86·16 63·5* 21·76 22·7
% positive 43·26 19·4** 9·16 6·9 74·66 17·6* 26·06 28·3

CD33 MFI 89·26 35·2** 53·06 14·6 90·16 27·3* 51·66 10·0
% positive 99·96 0·4 99·36 1·9 99·66 0·7 99·86 0·3

CD38 MFI 288·86 88·6** 58·86 18·6 189·86 54·2* 51·16 33·6
% positive 99·76 0·8** 77·66 13·3 99·16 0·8* 58·26 21·2

MHC MFI 126·56 28·6 467·36 165·0** 152·66 45·1 415·06 134·9*
class II % positive 100·06 0·0 99·96 0·4 99·86 0·4 99·26 0·8

Monocytes from peripheral blood progenitor cell (PBPC) leukapheresis product and peripheral blood (PB) were stained with
specific MoAbs and analysed by two-colour immunofluorescence.

Results are given as the mean MFI of antigen expression, and also as percentage of cells expressing antigen. All results are
mean6 s.d. Comparative analyses are shown between CD14þCD16¹ monocytes and CD14dimCD16bright monocytes within a
main population. Significance is indicated with *P< 0·05; **P<0·01.



monocytes are activated [20] and potent in antigen presentation [7].
The CD4 antigen is found on almost 30% of blood monocytes, with
most monocytes expressing cytoplasmic CD4 [21]. A subset of the
CD14dim monocytes expresses low levels of CD4 surface antigen [7].
We speculate that the up-regulation of these surface antigens may be
involved in cell activation or maturation into macrophages.

The production of mature monocytes/macrophages is regulated
by haematopoietic growth factors, or colony-stimulating factors
[22]. The production of these factors is induced by the chemother-
apy for PBPC mobilization in patients during haematopoietic
recovery from myelosuppression. Furthermore, the administration
of G-CSF to healthy volunteers results in a persistent and selective
up-regulation of CD16 on monocytes [23], and a large increase in
monocytic progenitors is reported in PBPC collections mobilized
with G-CSF and chemotherapy [24]. Thus, in this study, the
chemotherapy for PBPC mobilization and the administration of
G-CSF may alter monocyte populations in PB, resulting in an
elevation of CD16þCD14þ cells.

When compared with the monocytes from PB, those from
PBPC collections have some differences in surface antigens (Table
3). From the changes in CD4, CD11b and CD38 antigens on the
CD14þCD16þ monocytes, and in CD11b, CD15 and CD38 on the
CD14þCD16¹ monocytes, the monocytes in PBPC collections
may be more immature in differentiation and function than those
from PB.

In polymerase chain reaction analysis, CD14þCD16þ mono-
cytes from PB produced high levels of tumour necrosis factor-
alpha (TNF-a), IL-1 and IL-6, whereas IL-10 was low or absent
[25]. We also observed, using flow cytometry, that the percentage
of the CD14þCD16þ monocytes expressing IL-6 or TNF-a was
elevated in both PBPC collections and PB compared with that of
the CD14þCD16¹ monocytes (unpublished data). These findings
suggest that CD14þCD16þ monocytes may be involved in the
activation of the cytokine network. In this study the CD14þCD16þ

monocytes, especially immature CD14þCD16þ monocytes, were
increased in the PBPC collections. Thus, it is likely that these
CD14þCD16þ monocytes influence the cytokine network and
participate both in the haematological recovery and in the
immune response to residual malignant cells after PBPCT in the
transplant patients.
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