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We have identified, cultured, characterized, and propagated adult
pluripotent stem cells (PSC) from a subset of human peripheral
blood monocytes. These cells, which in appearance resemble fibro-
blasts, expand in the presence of macrophage colony-stimulating
factor and display monocytic and hematopoietic stem cell markers
including CD14, CD34, and CD45. We have induced these cells to
differentiate into mature macrophages by lipopolysaccharide, T
lymphocytes by IL-2, epithelial cells by epidermal growth factor,
endothelial cells by vascular endothelial cell growth factor, neu-
ronal cells by nerve growth factor, and liver cells by hepatocyte
growth factor. The pluripotent nature of individual PSC was
further confirmed by a clonal analysis. The ability to store, ex-
pand, and differentiate these PSC from autologous peripheral
blood should make them valuable candidates for transplantation
therapy.

P luripotent stem cells (PSC) are a valuable resource for
research, drug discovery, and transplantation (1, 2). These

cells or their mature progeny can be used to study differentiation
processes, identify and test lineage-specific drugs, or replace
tissues damaged by a disease. However, the use of PSC from
human fetuses, umbilical cords, or embryonic tissues derived
from in vitro fertilized eggs raises ethical and legal questions,
poses a risk of transmitting infections, and�or may be ineffective
because of immune rejection. A way to circumvent these prob-
lems is by exploiting autologous stem cells, preferably from an
accessible tissue. In this context, it has been reported that bone
marrow contains cells that appear to have the ability to trans-
differentiate into mature cells belonging to distinct cell lineages
(2). A recent study indicated that bone marrow mesenchymal
PSC can be expanded in vitro and after transplantation differ-
entiate in vivo into cells belonging to distinct lineages (3). Other
studies have, however, raised the possibility that such mature
cells may result from fusion of stem cells with mature resident
tissue cells (4, 5).

In the present studies, we have described the characterization
and expansion in vitro of a yet unidentified subset of human
peripheral blood monocytes that behave as PSC. We have shown
that these cells can be induced to acquire macrophage, lympho-
cyte, epithelial, endothelial, neuronal, and hepatocyte pheno-
types in the absence of a fusion with preexisting mature tissue
cells. The ability to obtain these PSC from an easily accessible
source such as peripheral blood and to store them in liquid
nitrogen should make them valuable candidates for autologous
transplantation.

Materials and Methods
Cell Culture. Monocytes were obtained from buffy coats (each
from 500 ml of peripheral blood) of healthy individuals (Life-
Source Blood Services, Glenview, IL) by using a selective
attachment procedure as described (6, 7). Fresh mononuclear
cells for this procedure and�or after storage in liquid nitrogen in
FBS (Harlan Breeders, Indianapolis) containing 10% dimethyl
sulfoxide (Sigma) were obtained after Ficoll-Hypaque fraction-
ation and two to three washes with RPMI medium 1640 (Life
Technologies, Grand Island, NY). Cells, including those from
liquid nitrogen, were incubated at 2–3 � 107 cells per 15-cm dish

for 8–12 h at 37°C (8% CO2). After that the floating cells were
removed, dishes were rinsed five times with medium, and the
cells were detached from the dishes by forceful pipetting with 10
ml of RPMI medium 1640 supplemented with 10% FBS, 100
units�ml penicillin, 100 �g�ml streptomycin, and 2 mM L-
glutamine (Life Technologies; growth medium). These prepa-
rations contained 90–95% monocytes, as determined by FAC-
Scan (Becton Dickinson) flow analysis after immunostaining of
the cells with R-phycoerythrin-conjugated mouse anti-human
CD14 mAb. In some experiments, the monocytes were further
enriched to 99.97% by cell sorting using a 5 detector FACStar
PLUS cell sorter (Becton Dickinson). Cells were inoculated at
1 � 105 cells per ml in eight-well Lab-Tek chamber slides (Nunc)
at 0.4 ml per well, and half of the medium was replaced every 5–7
d and treated with macrophage colony-stimulating growth factor
(M-CSF) (Sigma), phorbol 12-myristate 13-acetate (PMA)
(Chemicals for Cancer Research, Eden Prairie, MN), lipopoly-
saccharide (LPS) (Sigma), human recombinant IL-2, IL-6, epi-
dermal growth factor (EGF), �-nerve growth factor (NGF)
(R & D Systems), vascular endothelial growth factor isoform 165
(VEGF165), hepatocyte growth factor (HGF) (Cell Sciences,
Norwood, MA), and�or leukemia inhibitory factor (LIF) (Sig-
ma). Cell suspensions were obtained by pipetting after incuba-
tion for 5–8 min with 2% lidocaine (Sigma) in PBS as described
(8). The individual monocyte-derived cultures used in these
experiments were obtained from separate donors at different
times.

Colony Formation. For colony formation, 5-d 50 ng�ml M-CSF-
treated cell preparations containing 99.97% monocytes were
inoculated into 12 96-well U-bottom tissue culture plates at 0.8
cells per well in 0.1–0.2 ml of growth medium containing 50
ng�ml M-CSF, 1,000 units�ml LIF, and 25% conditioned me-
dium from a 5-d M-CSF-treated monocyte culture. Inspection by
light microscopy indicated that �70% of the wells contained
single cells; the few with more than one cell were excluded. The
medium was replaced every 5–7 d. At 20 d there were about two
to five colonies per plate of �30 cells per colony. At 45–52 d,
three of these colonies were manually dispersed and used to
determine their susceptibility to differentiation induction.

Phagocytosis and Lipid Staining. Phagocytosis was determined by
the cells’ ability to engulf 1.7-�m-diameter Fluoresbrite beads
(Polyscience); cells with �20 beads per cell were considered
positive (9). For lipid droplet staining, cells were rinsed twice
with PBS and fixed for 20 min with PBS containing 4% para-
formaldehyde at 20°C. After another PBS rinse and staining for
15 min with Nile red (Sigma), the cells were PBS washed and
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mounted with phosphate-buffered gelvatol. Fluorescence imag-
ing was performed by using automated excitation and emission
filter wheels, a quad-pass cube, and SLIDEBOOK software (Intel-
ligent Imaging Innovations, Denver).

Immunostaining. For immunostaining, cells were washed with
PBS and fixed with 4% formaldehyde in PBS for 20 min at 20°C.
For intracellular proteins, cells were permeabilized with 0.5%
Triton X-100 for 5 min at 20°C and incubated for 1 h with
primary antibodies diluted with PBS containing 1% BSA to
block nonspecific reactivity. The cells were then washed three
times with 1% BSA in PBS and incubated for 45 min with FITC-,
tetramethylrhodamine B isothiocyanate (TRITC)-, or Cy5-
conjugated cross-absorbed donkey secondary antibodies (Jack-
son ImmunoResearch). Both reactions were performed in a
saturating environment at 4°C. The slides were then washed and
mounted with phosphate-buffered gelvatol. Fluorescence imag-
ing was performed by using glyceraldehyde 3-phosphate dehy-
drogenase immunofluorescence (sheep polyclonal antibody,
Cortex Biochem, San Leandro, CA) as an internal standard. The
fluorescence intensity with isotype-matched IgG antibody was
used as background and was designated as 1. Mouse mAbs to
IL-1�, IL-6, IL-10, IL-12p70, CD3, CD4, CD8, CD14, CD34,
CD40, CD45, HLA-DR, HLA-DQ, CD1a, CD83, von Wille-
brand factor (vWF), VEGF-R2 (FLK-1), �-fetoprotein (AFP),
cytokeratin 7, keratins (Pan Ab-1), microtubule-associated pro-
tein-1B (MAP-1B), neurofilament Ab-1 (NF), tumor necrosis
factor-� (TNF-�), TNF-� receptor I (TNF-RI), and TNF-RII
from were from BD PharMingen (San Diego), Santa Cruz
Biotechnology, BioSource International (Camarillo, CA), Ac-
curate Chemical and Scientific (Westbury, NY), and NeoMar-
kers (Fremont, CA). Mouse IgG1, IgG2A, and IgG2B and goat
IgG were from R & D Systems; rat MAb to E-cadherin was from
Sigma; rabbit polyclonal antibodies to neuron-specific enolase
(NSE), peroxisome proliferator-activated receptor (PPAR)�2,
IL-6, leptin, and VEGF-R3 (FLT-4) were from Affinity BioRe-
agents (Golden, CO), Cortex Biochem, and Santa Cruz Bio-
technology; and goat polyclonal antibody to human albumin was
from Nordic (Tilburg, The Netherlands).

Cytotoxicity and Lymphocyte Stimulation. The cytotoxic ability of
the macrophages and lymphocytes, obtained after IL-2 treat-
ment, was assayed by a modification of described methods (10,
11). In brief, HL-60 cells, which served as the target cells, were
incubated with the effector cells at 37°C in eight-well chamber
slides. After 20 h, the target cells were removed and inoculated
in a 96-well f lat-bottom tissue culture plate. Reduction in HL-60
cell viability (10) and a lymphocyte stimulation assay (12) were
performed as described.

Results
Characterization of Two Monocyte Subsets. To study macrophage
differentiation, we treated seven individual preparations of
cultured human peripheral blood cells containing 90–95%
monocytes with 50 ng�ml M-CSF and 3 nM phorbol 12-myristate
13-acetate (PMA) (7). After a 5-d incubation, the cultures
treated with M-CSF contained two morphologically distinct
subsets; one of 65–75% was comprised of standard macrophages
(s-M�), whereas the other of 25–35% was composed of elon-
gated cells that morphologically resembled fibroblasts, which we
termed f-macrophages (f-M�) (Fig. 1). Control and PMA-
treated cultures also yielded these two populations but with �5%
f-M�. Both the s-M� and f-M� attached and spread on culture
matrices, engulfed fluorescent beads, and expressed MAC-1
(Fig. 1) and CD14, which are macrophage markers (9, 13).
Similar results were obtained from five pairs of untreated and
M-CSF-treated monocyte cultures recovered from liquid nitro-
gen storage.

Three individual monocyte preparations, including one recov-
ered from liquid nitrogen storage, were incubated with 50 ng�ml
M-CSF, 1,000 units�ml LIF, or 20 ng�ml IL-6, or a combination
of M-CSF and LIF or IL-6. After 5 d, the cultures treated with
M-CSF yielded �35% f-M�, LIF �25%, IL-6 �20%, and the
control �5%. Cotreatment with M-CSF and LIF resulted in a
nearly additive effect, namely the cultures yielded �50% f-M�,
whereas treatment with M-CSF and IL-6 yielded only �25%
f-M�.

Macrophages are known to function as antigen-presenting
cells and as such produce suitable cytokines and display appro-
priate cell-surface molecules (14, 15). Immunostaining for these
proteins indicated that both cell types shared some of these
antigen-presenting cell characteristics. Yet, the f-M� diverged
from s-M� in that they exhibited reduced levels of IL-10, TNF-�,
TNF-RII, HLA-DR, and HLA-DQ (Table 1). The f-M� were
also less cytotoxic against human leukemia cells than s-M� but
more effective in stimulating lymphocyte proliferation (Table 1).
An added property that distinguished f-M� from s-M� was their
reduced expression of leptin and PPAR�2 (16, 17), and staining

Fig. 1. Macrophage differentiation of peripheral blood monocytes. (a)
Freshly isolated monocytes. (b) Untreated 5-d-old monocyte culture. (c) Five-
day PMA-treated culture. (d) Five-day M-CSF-treated culture. (e) Fourteen-day
M-CSF-treated culture; the arrow points to a dividing cell. ( f) Fourteen-day
M-CSF-treated culture incubated for 1 d with LPS. (g) MAC-1 immunostaining
of 5-d M-CSF-treated culture. (h) Fluorescence of phagocytized beads in 5-d
M-CSF-treated culture. (a–f) Cells visualized by phase-contrast microscopy
merged with fluorescence images of lipids stained with Nile red (red) and
nuclei stained with 4�,6-diamidino-2-phenylindole (DAPI, blue). (Scale bar,
40 �m.)
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for lipid droplets (Fig. 1d, Table 1), which we have found to be
adipocytic indicators of s-M�.

Unlike s-M�, the f-M� contained dividing cells (Fig. 1e) and
displayed elevated levels of the hematopoietic stem cell marker
CD34 (ref. 18; Table 1), which raised the possibility that they are
replicating progenitors of s-M�. For this reason, we postulated
that the f-M� would with time fully populate the cultures. To test
for this premise, we treated five individual preparations of
cultured monocytes with 50 ng�ml M-CSF and, by means of their
morphology, determined over 14 d the number of f-M� and
s-M�. The results indicated that after 6 d the number of f-M�
increased, whereas the number of s-M� decreased (Fig. 2).
Based on their growth kinetics during this time, we estimated
that the f-M� population replicates about once every 3 d. After
the 10th day, the cultures became confluent and were composed
of 80–90% f-M� (Fig. 2). No such increase was observed in
untreated cultures (Fig. 2). Replenishing the cultures with fresh
M-CSF on day 5 or 12 had little impact on f-M� number or
appearance. An additional feature of f-M� was their resistance
to dispersion by standard trypsin and�or EDTA, or dispase
solutions. We were able to disperse them by a nonenzymatic
procedure, namely by a short incubation with a lidocaine solution
followed by pipetting.

Macrophage and T Lymphocyte Cell Differentiation. To substantiate
their progenitor nature, we incubated four individual prepara-
tions of 12- to 14-d-old 50 ng�ml M-CSF-treated monocyte
cultures containing 80–90% f-M� (f-M� cultures) with 1 �g�ml
LPS, a macrophage activator (19). This treatment transformed
the f-M� into s-M�, characterized by their morphology, lipid

staining (Figs. 1f and 3), increased HLA-DR, HLA-DQ, IL-10,
and TNF-� immunostaining (Fig. 3), and cytotoxic ability
(Table 1).

To determine whether the f-M� could also be induced to
mature along another blood lineage, we tested the ability of IL-2,
a T lymphocyte differentiation inducer (20), to evoke such a
differentiation. Treatment of four f-M� cultures with 1,200
units�ml IL-2 for 4 d induced the cells to acquire a round
morphology. This treatment also caused �90% of the cells to
express CD3, an indicator of mature T lymphocytes (13); �75%
of CD3-positive cells also displayed CD8, which characterizes
cytotoxic�suppressor T lymphocytes (21, 22). Control cultures
contained 3–4% cells that immunostained for CD3 and CD8.
Less than 3% of control or IL-2-treated cells exhibited CD4, a
helper T lymphocyte marker (13). The IL-2-induced cells also
acquired an increased ability to kill target cells, a functional
indicator of cytotoxic�suppressor T lymphocytes. When a 5:1
effector-to-target cell ratio was used, the IL-2-treated lympho-

Table 1. Characterization of f-M� and s-M�

Relative fluorescence intensity

f-M� s-M�

Surface antigens
MAC-1 78 � 15 81 � 12
HLA-DR 19 � 5 102 � 43
HLA-DQ 21 � 8 91 � 27
CD1a 1 12 � 4
CD14 129 � 27 155 � 22
CD34 78 � 17 18 � 5
CD40 51 � 24 48 � 19
CD45 146 � 24 162 � 41
CD83 1 1

Cytokine production
IL-1� 84 � 27 83 � 15
IL-6 45 � 20 65 � 16
IL-10 9 � 6 56 � 9
IL-12 p70 52 � 27 54 � 8
TNF-� 29 � 13 65 � 18
TNF-RI 25 � 7 34 � 15
TNF-RII 9 � 4 63 � 27

Adipocyte markers
Lipids 14 � 11 157 � 12
Leptin production 23 � 7 88 � 16
PPAR�2 20 � 6 110 � 32

Functional indicators
Phagocytosis 189 � 21 197 � 23
Lymphocyte stimulation, Abs540* 0.76 � 0.05 0.15 � 0.03
Cytotoxicity, % 10 � 4 70 � 8

Relative fluorescence intensity was examined by quantitative ratio imaging
microscopy. Stimulation of lymphocyte proliferation was performed by using
a 10:1 macrophages-to-lymphocytes ratio, and cytotoxicity was performed by
using a 5:1 macrophages-to-target cell ratio (10, 12).
*Abs540, optical absorbance at 540 nm.

Fig. 2. Replication of M-CSF-treated f-M�. f-M� in untreated (x-x) and
M-CSF-treated (F-F) cultures. s-M� in untreated (Œ-Œ) and M-CSF-treated
(■ -■ ) cultures. The results are the mean � SD of cell counts from four
individuals.

Fig. 3. LPS-induced macrophage differentiation of f-M� cultures. Fluores-
cence intensity (mean � SD of four experiments) is based on 30–50 cells per
determination per individual.
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cytes lysed 35 � 7% of the target cells compared with 12 � 3%
by control cells.

Epithelial Differentiation. To determine whether f-M� could
differentiate into lineages other than those of the blood, we
initially tested their ability to mature into epithelial cells. Treat-
ment of four individual f-M� cultures for 4 d with 100 ng�ml
EGF, a promoter of epithelial cell growth and differentiation
(23), induced �70% of the f-M� to display an epithelial cell
morphology. This treatment also caused 71 � 4% of the cells to
display immunostaining for pan-keratins and 68 � 5% for
E-cadherin, which are epithelial cell markers (24, 25). Only 4 �
1% of control cells stained for keratins and 3 � 2% stained for

E-cadherin. Cells that stained positive for E-cadherin consis-
tently stained for the keratins (Fig. 4A).

Neuronal and Endothelial Cell Differentiation. To examine the abil-
ity of f-M� to mature along another cell lineage, we tested the
effect of NGF, an inducer of neuronal differentiation (26).
Treatment of four individual f-M� cultures with 200 ng�ml NGF
caused �90% of f-M� to display a neuronal morphology (Fig.
4B). These cells had a smaller cell body and displayed neurite-
and axon-like processes (27). After 5–8 d, these processes, some
of which were exceedingly long, formed cell–cell contacts and
created the appearance of a network (Fig. 4B). These mature
cells were further characterized by immunostaining for NSE, NF,

Fig. 4. Epithelial and neuronal cell differentiation of f-M�. (A) EGF-induced epithelial differentiation was assessed by double immunostaining for keratins
(green) and E-cadherin (red). Each field contains four to five cells. The control panel was selected to include a positive cell. (B) NGF-induced neuronal
differentiation was assessed by length of the main processes (mean � SD) of 50 randomly selected cells by using SLIDEBOOK software (Upper) and by
immunostaining for neuron-specific antigens (Lower). Each immunostained field contains 10–15 cells with the control panel selected to contain positive cells.
(Scale bar, 50 �m.)
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and MAP-1B, which are common neuronal markers (28, 29).
After 3 d of treatment, 25% of the cells displayed a robust
immunostaining for these three proteins, and after 5–8 d this
staining was detected in �90% of the cells and was also observed
in their processes, especially with regards to MAP-1B (Fig. 4B).
After a 5- to 8-d incubation, �9% of control cells displayed
elongated processes, and those stained only weakly for the
neuron-specific antigens (Fig. 4B). Little to no neuronal differ-
entiation was observed when cultured monocytes were treated
with NGF for 7 or 20 d.

Next, we treated f-M� cultures with 50 ng�ml VEGF for 5–7
d. This treatment induced �70% of the cells to display endo-
thelial cell morphology, with a fraction of these forming chains
of cobblestone-like formations, which were parallel or crossed
each other. VEGF-treatment also caused 74 � 3% of the cells
to immunostain for VEGF-R2, VEGF–R3, and vWF, which are
commonly used endothelial cell markers (30, 31). The endothe-
lial appearing cells consistently displayed these markers. In the
absence of VEGF, only 5 � 1% of the cells stained for
VEGF-R2, VEGF–R3, and vWF.

VEGF treatment also induced 31 � 4% of the cells to acquire
immunostaining for the neuronal markers NSE, NF, and
MAP-1B compared with 7 � 4% in the absence of VEGF.
Nearly all of the NSE-, NF-, and MAP-1B-stained cells exhibited
a neuronal morphology. A small percentage of cells, which
displayed an intermediate morphology between endothelial and
neuronal cells, stained for both the endothelial and neuronal
markers.

Hepatocyte Differentiation. To determine whether f-M� can also
differentiate into hepatocytes, we tested the effect of HGF, an
inducer of liver cell growth and differentiation (32). Treatment
of three individual f-M� cultures for 5–7 d with 100 ng�ml HGF
caused 75–80% of the cells to acquire a round or oval-like
flattened morphology. It also caused 75 � 7% of the cells to
display immunostaining for albumin and 81 � 7% for AFP,
which typify hepatocytes (33), and 33 � 4% for cytokeratin 7,
which marks bile duct epithelium (34). Only 8 � 5% of control
cells immunostained for albumin, 6 � 5% for AFP, and 7 � 3%
for cytokeratin 7.

The induction of lymphocyte, epithelial, neuronal, endothe-
lial, or hepatocyte differentiation, which was associated with a
somewhat reduced cell number (Fig. 5), was coupled with a
marked decrease in MAC-1 display.

Sorted Cells and Clonal Analysis. In addition to regular f-M�
cultures, we also tested three individual f low-sorted preparations
of blood cells enriched to contain 99.97% monocytes. Incubation
of these cells for 5 and 14 d with 50 ng�ml M-CSF yielded about
40% and 90% f-M�, respectively, which expressed CD14, CD34,
CD45, and MAC-1. As with f-M� cultures, treatment of these
14-d M-CSF-treated cells with 200 ng�ml NGF or 100 ng�ml
HGF caused �80% of the f-M� to acquire a neuronal and
hepatocyte phenotype, respectively.

To further determine the pluripotent nature of individual
f-M�, we obtained colonies from single cells derived from
M-CSF-treated cultures, enriched to contain 99.97% monocytes.
Most cells in these colonies exhibited f-M� morphology. Anal-
ysis of a number of these colonies indicated that their cells also
displayed immunostaining for CD14, CD34, and CD45. Cells
from three such colonies were dispersed and inoculated into
96-well plates. These wells were incubated with IL-2, EGF, NGF,
VEGF, or HGF, and 7 d later the cells were tested for lineage-
specific markers: CD3 for T lymphocytes, pan-keratin for epi-
thelial cells, vWF for endothelial cells, MAP1-B for neuronal
cells, and AFP for hepatocytes. The results indicated that the
differentiation inducers caused 70–90% of the treated cells to
display maturation markers that epitomize the specific differ-
entiated state (Table 2) and to display morphologies consistent
with the expected lineages. These observations indicate that
progeny of single f-M� have the ability to be induced to
differentiate into distinct cell lineages, thus further substantiat-
ing the pluripotent nature of the f-M�.

Discussion
In the present study we have identified, characterized, cultured,
and propagated a previously unknown subset of human periph-
eral blood monocytes that act as PSC. These cells, which display
a fibroblast-like morphology and exhibit monocyte and hema-
topoietic stem cell markers including CD14, CD34, and CD45,
can be induced to differentiate at 70–90% into macrophages, T
lymphocytes, epithelial cells, endothelial cells, neuronal cells,
and hepatocytes. The pluripotent nature of these adult PSC was
deduced on the basis that the combined absolute number of
mature cells belonging to the different induced lineages far
exceeded the available starting cells in the f-M� cultures.
Furthermore, the progeny of single f-M� were induced to
express differentiated traits belonging to five distinct cell lin-
eages. Other investigators, using a mouse model and engrafting
a single CD34-positive bone marrow cell per animal, concluded
that these cells could also differentiate into distinct cell lineages

Fig. 5. Relative cell number in f-M� cultures treated with or without
differentiation inducers. The results are the mean � SD of five randomly
selected microscopic fields each from four different experiments for each
treatment.

Table 2. Induction of differentiation markers in progeny derived
from single f-M�

Inducer Lineage Marker Treatment

Immunostained cells, %

Clone 1 Clone 2 Clone 3

IL-2 Lymphocyte CD3 � 6 3 4
	 75 81 83

EGF Epithelial Keratins � 7 5 9
	 89 76 82

NGF Neuronal MAP1-B � 3 4 5
	 83 80 76

VEGF Endothelial vWF � 8 5 9
	 80 87 71

HGF Hepatocyte AFP � 7 2 5
	 88 75 76

The cells were treated with 1,200 units�ml IL-2, 100 ng�ml EGF, 200 ng�ml
NGF, 50 ng�ml VEGF, or 50 ng�ml HGF. The percentage of cells immunostained
for the lineage-specific markers was determined 7 d after initiating the
treatment.
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(35). Recent studies have, however, questioned the existence of
such a transdifferentiation and raised the possibility that the
emerging mature cells resulted from fusion of stem cells with
preexisting mature tissue cells (4, 5). In our experiments, the
induced cells with the mature T lymphocyte, epithelial, neuronal,
endothelial, or liver cell phenotypes generated from the progeny
of single cells could not have derived from such a fusion.

A number of investigators have described the culture and
propagation of mesenchymal PSC from human peripheral blood
or bone marrow (3, 36). These cells differ from our f-M� in a
number of ways including their failure to express CD34 and�or
CD45. Also, unlike the mesenchymal stem cells (3, 36), the f-M�
cultures grow firmly attached to the tissue culture matrices and
could not be readily removed and dispersed by standard diges-
tion with trypsin, trypsin–EDTA, or dispase solutions.

The physiological function of the f-M� or their parental cells,
which are peripheral blood monocytes and as such are dispersed
throughout our bodies, is unknown. Perhaps their function is to
facilitate tissue repair by replacing lost or damaged specialized
resident progenitor cells. In this context, a recent study with

transplantation patients that underwent chemotherapy or radi-
ation treatment indicated that blood preparations enriched for
CD34-positive cells were able to populate different tissues and
differentiate into cells belonging to distinct lineages (37). These
preparations probably contained f-M� parental cells, which
express CD34.

The ability to store, expand in vitro, and differentiate f-M�
from an easily accessible source such as peripheral blood should
make them valuable candidates for transplantation therapy; for
example, they can be used to replenish immune cells that have
been eradicated by cancer therapy or to replace neuronal tissue
damaged during spinal cord injury, stroke, dementia (including
Alzheimer’s syndrome), or Parkinson’s disease. The ability to
expand in vitro autologous f-M� before transplantation should
yield a high number of stem cells for this procedure, which ought
to be more effective and versatile than the current transplanta-
tion procedures, which do not include such an expansion.

This work was supported by National Institutes of Health Grant
CA80826.
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