CD34'/CD33- Cells Reselected From Macrophage Inflammatory Protein
la
+ Interleukin-3 - Supplemented "Stroma-Noncontact" Cultures Are Highly
Enriched for Long-Term Bone Marrow Culture Initiating Cells
By Catherine M. Verfaillie and Jeffrey S. Miller
on the activation status of primitive cells rather than their
lineage commitment. We then sorted cultured cells on the
basis of the myeloid commitmentantigen, CD33. (2) These
studies show that cultured CD34+/CD33- cells contain 4%
t o 8% LTBMC-ICs, whereas cultured CD34+/CD33+b'igh'cells
contain only 0.1% & 0.03% LTBMC-ICs. Because LTBMC-ICs
are maintained significantlybetter in stroma-noncontact cultures supplementedwith macrophage inflammatory protein
l a (MIP-la) and interleukin-3 (IL-3) (Vetfaillie et al. J Exp
Med 179:643, 1994). we evaluated the frequency of LTBMCICs in CD34+/CD33- cells present in such cultures. (3) CD34+/
CD33- cells present in MIP-la + IL-3-supplemented cultures
contain up t o 30% LTBMC-ICs. The increased frequency of
LTBMC-ICs in cultured CD34' subpopulations may be the
result of terminal differentiation of less primitive progenitors, loss of cells that failt o respond to the
culture conditions
or recruitment of quiescent LTBMC-ICs.The capability t o
select progenitor populations containing up t o 30% LTBMCICs should prove useful in studies examining the growth
requirements, self-renewal, and multilineage differentiation
capacity of human hematopoietic stem cells at the singlecell level.
8 1994 by The American Society of Hematology.

L

ing and sustaininginvitrohematopoiesis
in thesecell
populations is not higher than 1 o/c to 5%.'.'.'."' This indicates
that such highly selected populations are still heterogeneous
and that additional selection criteria will be required to fully
characterize the phenotype of human LTBMC-ICs.
A fraction of primitive progenitors can be maintained in
cultures usingmixtures
of cytokines in the absence of
stroma.'." Alternatively, primitive progenitors are maintained
in stroma-based culturesystems in whichprogenitors are
cultured either in direct contact with stroma"'"." or separated
from the stroma by a microporous tran~well."'~l"'~ Because
almost all these culture systems have a finite life span. and
a gradual loss of primitive progenitors occurs over
it is clear that the artificial in vitro microenvironment poses
asignificantly greater differentiationpressure than that of
the in vivo BM microenvironment. Therefore, more mature
progenitors are likely to have differentiated in myeloid-committed progenitors within several weeks of in vitro culture.
whereas more primitive progenitors may prevail.We hypothesized that reselection by fluorescence-activated cell sorting
(FACS) of CD34' subpopulations still present after several
weeks of culture mightresult in acellpopulation
that is
highly enriched for the more primitive LTBMC-ICs. Such
highly enriched populations of primitive LTBMC-ICs may
then allow study of growth requirements and differentiation
capabilities of sorted human hematopoietic stem cells at the
single-cell level. Moreover, further phenotypic identification
of the primitive LTBMC-ICs present in long-term cultures
will provide a usefultool in evaluating culture systems aimed
at expansion of primitive human hematopoietic progenitors.
Culture of primitiveprogenitors in transwellinsertsof
"stroma-noncontact" cultures either in the absence of cytokines"' or,even more so, in the presence of macrophage

ONG-TERM BONE MARROW culture initiating cells
(LTBMC-ICs) are thought to
represent a very primitive
hematopoietic progenitor population.' The phenotypic characteristics of such cells in normal human marrow are partiallydefined. Human adultmarrow LTBMC-ICexpress
high numbers of the CD34 stem cell antigen,"' lack lineage
commitment
antigens
such
as
CD7,'
CD19,: CD33,',"
CD15:'
and CD7 l"'.' or the CD38' or CD45RA' antigens,
and fail to expresshigh levels of the HLA-DR,'.',7 or Thy1 x
antigens. Culture of such highly selected cell populations in
stroma-de~endent'.'~or cytokine-dependent long-term cultures devoid of stroma'.'.' results in prolonged in vitro hematopoiesis. However, the frequency of cells capable of initiat-
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Human hematopoieticstem cells are thought t o express the
CD34 stem cell antigen, low numbers of HLA-DR and Thy1
antigens, but no lineage commitment antigens, CD38, or
CD45RA antigens. However, fluorescence-activated cell
sorted CD34' subpopulations contain not more than1% to
5% primitive progenitorscapable of initiating and
sustaining
growth in long-term bone marrow culture initiating cells
(LTBMC-ICs). Wehave recently shown that cultureof fresh
humanmarrow CD34+/HLA-DR- cells separated from a
stromal layer by a microporous membrane ("stroma-noncontact" culture)results in the maintenance of 40% of
LTBMC-ICs. Wehypothesized that reselection of CD34+ subpopulations still present after several weeks in stroma-noncontact cultures may result in the selection of cells more
highly enriched for humanLTBMC-ICs. Fresh marrow CD34+/
HLA-DR- cells were cultured for 2 t o 3 weeks in stromanoncontact cultures. Cultured progeny was then sorted on
the basis of CD34, HLA-DR, or CD33 antigen expression, and
sorted cells evaluated forthe presence of LTBMC-ICs by limiting dilutionanalysis. We show that(1) LTBMC-ICs are four
times morefrequent in cultured CD34+/HLA-DR- cells (4.6%
f 1.7%) than in cultured CD34+/HLA-DR- cells (1.3% ? 0.4%).
This suggests that HLA-DR antigen expression may depend

PHENOTYPE OF CULTURED LTBMC-IC IS CD34'/CD33-

+

inflammatory protein la (MIP-la) IL-3" maintains primitive LTBMC-ICs better than when cultured in contact with
or cytokine-supplemented stroma-free cultures.'*.''
Therefore, we elected to examine theLTBMC-IC frequency
in several CD34' subpopulations reselected from transwell
inserts of stroma-noncontact cultures. We show that cultured
CD34+MLA-DR+ ratherthancultured
CD34+/HLA-DRcells are enriched for LTBMC-IC. CD34+/CD33- cells pres6% LTBMCentin"stroma-noncontact"culturescontain
IC, whereas CD34+/CD33- cells recovered from MIP-la +
IL-3 supplemented stroma-noncontact cultures contain up to
30% cells capable of initiating and sustaining LTBMCs.
MATERIALS AND METHODS

Initial cell selection. BM was aspirated from the posterior iliac
crest in heparin from healthy volunteers after informed consent.
BM mononuclear cells were separated by sequential Ficoll-Hypaque
centrifugation (specific gravity, 1.077) (Sigma Chemical CO, St
Louis, MO), centrifugal counterflow el~triation,'~.'~
sheep erythrocyte rosette T-cell depletion" and immunomagnetic bead depletion
of cells expressing CDllb, CD19 (Becton Dickinson, Mountain
View, CA), MY8 (Coulter Cytometry, Hialeah FL), and glycophorinA antigens (AMAC Inc. Westbrook, MA).4 The resultant lineagenegative cells were labeled with anti-CD34 (Becton Dickinson) and
anti-HLA-DR antibodies (Becton Dickinson). Cells were sorted on
a FACStar-Plus laser flow cytometry system equipped with a Consort
32 computer (Becton Dickinson). Cells were selected for low-forward and side-scatter properties and expression of CD34 and HLADR antigens using mouse IgG1-phycoerythrin (PE) and mouse
IgG2a-fluorescein isothiocyanate (FITC) antibodies as control?
Secondary cell selection. Cells recovered from transwell inserts
of stroma-noncontact cultures initiated with CD34'MLA-DR- cells
2 to 3 weeks earlier were labeled with anti-CD34-PE or anti-CD34FITC antibodies either alone or in conjunction with anti-HLA-DRHTC antibodies or anti-CD33-PE antibodies (Becton Dickinson).
Cells were selected on a FACStar-Plus laser flow cytometry system
for low-forward and side-scatter properties and expression of CD34
and HLA-DR or CD33 antigens using mouse IgGI-PE, IgGl-FITC
or mouse IgG2a-FITC antibodies as control (see Figs 1, 3, 4, 5).
When freshly selected CD34'MLA-DR- cells were cultured simultaneously in cytokine-free and MIP-lo + IL-3 supplemented cultures, sorting windows to reselect CD34'/CD33-and
CD34'1
CD33b"gh"cells were identical for the two culture conditions. Reselected cell populations willbe termed cultured CD34', cultured
CD34'mLA-DR' or CD34'/HLA-DR-, and cultured CD34+/
CD33' or CD34+/CD33- cells.

Short-Term Methylcellulose Progenitor Culture
Cells were cultured at 0.5 to 2 X lo3 cells/mL in methylcellulose
containing Iscove's modified Dulbecco's medium (IMDM) (GIBCO
Laboratories, Grand Island, NY), supplemented with 30% fetal calf
serum (FCS) (Hyclone, Logan, UT), 3 IU erythropoietin (Epoietin,
Amgen, Thousand Oaks, CA) and 5% to 10% 5637 bladder carcinoma-conditioned media as described.I6The cultures were assessed
at day 14 to 18 of culture for the presence of colony-forming cells
(CFCs).

L L-glutamine (GIBCO), penicillin 1,OOO UlmL, streptomycin 100
U/mL (GIBCO) and
mom
hydroc~rtisone.~
Initial stroma-noncontact cultures. Freshly sorted CD34+MLADR- cells were plated in collagen-coated transwell inserts (0.4-pm
pore size) (Costar, Cambridge MA) placed above irradiated marrow
stromal layers (15 to 30 X 103/SmL).'" Cultures were maintained
in a humidified atmosphere at 37°C and 5% COz. Cultures were fed
by removing half the media from the bottom well and replacing it
with fresh complete media with or without cytokines as indicated.
Enumeration of the absolute number of LTBMC-ICs by limiting
dilution assays (LDAs). M2-10B4 feeders can successfully replace
human adult marrow stromal layers for stroma-contact cultures.'
Therefore, this cell line was used to examine the absolute number
of LTBMC-ICs present in selected and reselected CD34' subpopulations. At day 0, fresh CD34'/HLA-DR- cells (22 replicates per
concentration; 400, 150, SO, and 15 CD34'MLA-DR- cellslwell)
were plated onto 3 X IO4 irradiated M210-B4 cells subcultured
in 96-well plates. Similarly, cultured CD34' subpopulations (22
replicates per concentration; 100, 25, 6.25, and 1.56 cells/well) were
plated onto irradiated M210-B4 cells in 96-well plates. Cultures
were maintained in a humidified atmosphere, at 37°C and 5% CO2
and fed weekly with75 pL fresh media. After 5 to 6 weeks all media
was removed and the stromal layers overlayed with methylcellulose
containing media supplemented with erythropoietin (3 IUlmL) and
supernatant of the bladder carcinoma cell line 5637 (5% to
Wells were scored for the presence or absence of secondary CFC
at day 14. The absolute number of LTBMC-ICs present in the different cell populations was calculated as thereciprocal of the concentrationoftest
cells that gives 37% negative cultures using Poisson
statistics" and the weighted mean method."

Stromal Layers
Marrow stromal layers. Marrow stromal layers were generated
as previously described? In short, marrow mononuclear cells from
normal individuals were suspended in complete LTBMC media and
incubated at 33°C ina humidified atmosphere with 5%CO2.Cultures
were demipopulated weekly and media wasreplaced with fresh complete media. Once confluent (3 to 5 weeks after initiation of the
culture) stromal layers were irradiated with 1,250 Rad using a Mark1 Cesium irradiator (Shepard and Associates, Glendale, CA). Stromal layers were then subcultured in 6-well plates before use.
M2IO-B4. M210-B4, a murine marrow stroma cell line, was
maintained in RPMI-1640 (GIBCO) supplemented with 10% FCS.
M210-B4 was subcultured in the wells of a 96-well plate. When
confluent, plates were irradiated with 6,000 Rad using a Mark-l
Cesium irradiator, and all media replaced by complete LTBMC media. Irradiated plates were used 2 to 7 days later. Several studies have
shown that maintenance of LTBMC-ICs and their differentiation into
CFC is similar when CD34'MLA-DR- cells are cultured either on
marrow stromal layers or on murine M210-B4 feeders.',"

Cytokines
Recombinant human (rh) IL-3 (Genetics Institute, Cambridge,
MA) was added to the initial stroma-noncontact cultures as indicated
to obtain a final concentration of 5 ng/mL. RhMIP-la (R&D systems, Minneapolis, MN) was added to the initial stroma-noncontact
cultures as indicated to obtain a final concentration of 100 ng/mL.

Statistics
Long-Term Culture Systems
All culture media consists ofIMDMwith12.5%
FCS, 12.5%
horse serum (Terry Fox Laboratories, Vancouver, Canada), 2 mmol/

Results of experimental points obtained from multiple experiments were reported as the mean 5 1 SEM. Significance levels were
determined by two-sided Students t-test analysis.
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Fig 1. Representative FACS analysis of cells recovered from transwell inserts of cytokine-free stroma-noncontact cultures initiated with
freshly sorted CD34+/HLA-DR- cells 2 weeks earlier. Cells expressing high numbers of the CD34-PE antigen (C, R2) were reselected based on
IgGl-PE control staining profile(B).

RESULTS

In an initial set of experiments, cells harvested after 2 to
3 weeks from cytokine-free stroma-noncontact cultures were
reselected by FACS for cells expressing high levels of the
CD34 antigen. 3.3% 2 0.5% of cultured cells were CD34'
(n = 7) (Figs 1 and 2). Because the total cell number had
increased 33 -+ 8-fold, the total number of cultured CD34'
18% of fresh CD34+ cells used
cells recovered was 84% I

to initiate the cultures. Cultured CD34' cells were then replated in either methylcellulose culture to determine the frequency of CFC (n = 7) or in limiting dilution onto secondary
stromal feeders for 5 weeks to determine the absolute number
of LTBMC-ICs (n = 7). We showed that cultured CD34'
cells contained 11.1 % 0.6% CFC, not significantly different from that seen in fresh CD34' cells in normal marrow
(Fig 2, Table 1). However, 3.9% 2 0.6% of cultured CD34'
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Fig 2. Freshly sorted CD34+/HlA-DR- cells were plated for 2 weeks in cytokine-free stroma-noncontact cultures. Cells were collected and
3, and
CD34' cells, CD34"IHLA-DR- or CD34'1HLA-DR' or CD34'1CD33- or CD34'ICD33+ cells were reselected using FACS as shown in Fig l,
4. The percent CD34' cells or CD34' subpopulations present in the CD34'1HLA-DR- progeny was determinedas the percent of cells present
in R2 and R3. Cultured CD34+ cells or CD34' subpopulations were then platedin methylcellulose progenitor assay t o determine thenumber
of committed progenitors present. Alternatively, cultured CD34' cells or CD34' subpopulations were platedin limiting dilution onto irradiated
M210-B4 cells. After 5 t o 6 weeks, M2-10B4 layers were overlayed with methylcellulose containing media supplemented with erythropoietin
presence or absence of CFC. The frequency of
and supernatant of the cell line5637 for an additional 2 weeks before scoring the wells for the
LTBMC-ICs in the reselected population was then
calculated as described in Materiels andMethods. Statistical analysis: Comparison between
CD34'1HLA-DR- and CD34+/HLA-DR+populations or CD34'1CD33- and CD34'1CD33' populations: **, P S ,001; *, P c .Ol; 7, P c _ .05.
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Fig 3. Representative FACS analysis of cells recovered from transwell inserts of cytokine-free stroma-noncontact cultures initiated with
or numbers
freshly sorted CD34+/HLA-DR- cells 2 weeks earlier. Cells expressing
high numbers of the CD3CPE antigen and expressing no low
of the HLA-DR-FITC antigen ICD34+/HLA-DR-l or high numbers of the HLA-DR-FITC antigen (CD34+/HLA-DR') (C, R2 and R3, respectively)
were reselected based onthe IgG1-PE and IgG2a-FITC control-staining profile (B).

cells were capable of initiating and sustaining long-term cultures, which is significantly higher than what is observed for
fresh CD34+ or even fresh CD34+/HLA-DR- cells
(LTBMC-IC frequency = 0.86% ? 0.08%, n = 12; P 5
.01) (Fig 2, Table 1).
To further characterize the phenotype of LTBMC-ICs
present in vitro, cultured CD34+ cells were reselected according to their expression of the HLA-DR (Fig 3) or CD33
(Fig 4) antigen. Cultured CD34+ cells (72.6% ? 6%) ex-
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pressed the HLA-DR antigen(Fig 2). Committed progenitors
were highly concentrated in the cultured CD34+/HLA-DR+
cell population and, similar to fresh CD34+/HLA-DR- cells,
committed progenitors were relatively depleted from the cultured CD34+/HLA-DR- cell population (Fig 2). Somewhat
surprisingly, primitive LTBMC-ICs were four times more
frequent in cultured CD34+/HLA-DR+cells than in cultured
CD34+/HLA-DR- cells (Fig 2). Therefore, the phenotype of
LTBMC-ICs present in stroma-noncontact cultures differs
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Fig 4. Representative FACS analysis of cells recovered from transwell inserts of cytokine-free stroma-noncontact cultures initiated with
freshly sorted CD34+/HLA-DR- cells 2 weeks earlier. Cells expressing high numbers of the CD3CFlTC antigen and expressing no CD33-PE
antigen (CD34'/CD33-) or low or high numbers ofthe CD33-PE antigen (CD34+/CD33') (C, R2 and R3 + R4, respectively) were reselected based
(C, R41were selected separately.
on the IgGl-RTC and IgGl-PEcontrol staining profile (B). In two additional experiments, CD34+/CD33b"gmf cells
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Fig 5. RepresentativeFACS analysis of cells recovered from transwell inserts of MIP-la + IL-3 supplemented stroma-noncontact cultures
initiated with freshly sorted CD34+/HLA-DR- cells 2 weeks earlier. Cells expressing high numbers of the CD3CFlTC antigen, but no CD33
antigens (CD34'/CD33- cells) or no high numbers of the CD33 antigen (CD34+ICD33bri~ht+l
IC, R2 and R3, respectively)were reselectedbased
on the IgG1-FITC and IgGl-PE control staining profile (B).

from that in fresh adult marrow, where LTBMC-ICs are
almost exclusively present in cells that express no or low
levels of HLA-DR antigens (Table
Because HLA-DR expression may reflect the activation
status of progenitors rather than commitment to the myeloid
lineage, wethen reselected CD34' cells from 2-week-old
stroma-noncontact cultures according to their expression of
the myeloid commitment antigen, CD33.'" 66.5% 2 3% of

Table 1. Frequency of CFC and LTBMC-ICs
in Sorted Cell Populations
Population
Cell
Fresh BM
CD34'
CD34'1HLA-DRCD34'IHLA-DR'
Cytokine-free culture
CD34'

CD34'1HLA-DRCD34'IHLA-DR'
CD34+/CD33CD34'1CD33'
CD34'/CD33b"gh'+
MIP-la + IL-3
CD34'/CD33CD34+lCD33b"gh"

CFC Frequency

LTEMC-IC Frequency

5.4 t 0.15 (3)
2.2 i 0.3 (21)
12.6 i 0.66 (25)

0.19 i 0.06 (3)
0.86 % 0.08 (12)
0.01 t 0.003 (14)

11.1
4.1
12.2
4.9
12.3

-c 0.6 (3)
t 0.5 (2)

ND

3.9
1.3
4.6
6.5
1.5
0.17

ND
ND

20.6 -t 3.7 (5)
0.18 i 0.04 (5)

i 3.5 (2)

-c 0.2 (5)
2 1.6 (5)

i 0.6 (7)
2 0.4

(61

t 1.7 (6)
i 0.7 (9)
2 0.2 (9)
0.03 (2)
+

CD34+, CD34+/HLA-DR" or CD34'/HLA-DR7 cells or CD34+, CD34'/
HLA-DR , CD34+/HLA-DR-, CD34'/CD33- or CD34+/CD33' cells resein either methyllected from stroma-noncontact cultures were plated
cellulose cultures for 14 t o 18 days to enumerate the frequency of
CFC or in long-term culture on M2-10B4 feeders in limiting dilutions
to enumerate the absolute frequency ofLTBMC-ICs. Numbers in parentheses represent the number of replicate experiments
Abbreviation: ND. not determined.

cultured CD34' cells expressed the CD33 antigen (Figs 2
and 4). Cultured CD34+/CD33+cells were highly enriched
for CFC, whereas cultured CD34'/CD33- cells were relatively depleted of CFC (Fig 2). LTBMC-ICs were highly
enriched in the cultured CD34'/CD33- population (6.5% f
0.7%) and comprised only 1.5% f 0.2% of cultured CD34'/
CD33' cells (Fig 2). The observation that some cells coexpressing CD34 and CD33 antigens could initiate LTBMC
prompted us to evaluate this population further. In two experiments, we selected CD34'/CD33b'iSh'+cells only (Fig 4) and
examined the numberof LTBMC-ICs by limiting dilution on
stromal layers. These studies showed that cultured CD34'/
CD33h"Sh'+
cells are almost devoid of LTBMC-IC (0.17% f
0.03%). This indicates that the presence of LTBMC-IC in
cells expressing both low and high levels of the CD33 antigen could be the result of contamination with CD34+/CD33
cells or that low levels of CD33 antigens may be found on
some LTBMC-IC, as has been shown by other investigators
(Landsdorp et a1 and Terstappen et al, personal communication, October 1993 and March 1994).
We have recentlyshownthat
culture of fresh CD34'/
HLA-DR- cells in stroma-noncontact cultures supplemented
with MIP-la + 1L-3 results in the complete maintenance of
LTBMC-ICs for at least 8 weeks." Therefore, we examined
the LTBMC-ICs cloning efficiency of CD34'/CD33'or
CD34+/CD33- cells present in 2-week-old MIP-la + IL-3
supplemented stroma-noncontact cultures (Fig 5). Because
of the higher cell expansion in MIP-1a + IL-3 supplemented
cultures (67-fold f IO-fold expansion) the percent of CD34'
cells was significantly lower than that in cytokine free cultures (1.5% 5 0.4% v 3.3% i O S % , P = .017). However.
because of the higher expansion induced by MIP-la + IL3, the total number of cultured CD34' cells present in MIPla + IL-3 supplemented cultures (93.4% f 19%of the
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initial CD34+ cells) was similar to that seen in cytokine-free
cultures (84% 2 18%). The relative frequency of CD34+/
CD33- cells present in the CD34+ fraction (1 1.8% 2 2.1 %)
was also significantly lower than that seen in cytokine-free
cultures (33.5% t 3%) (P = .001) (Fig 6). Evaluation of
the cultured CD34+/CD33b"gh"population in LDA showed
that this population was practically devoid of LTBMC-ICs
(0.18% 2 0.04%; Fig 6). In contrast, up to 30% of cultured
CD34+/CD33- cells were LTBMC-ICs (LTBMC-IC frequency for the five different experiments = 7.5%, 21%, 25%,
26%, and 30%).
DISCUSSION

In an attempt to further purify human hematopoietic stem
cells, we reselected CD34+ subpopulations from in vitro
stroma-noncontact cultures initiated 2 to 3 weeks earlier with
fresh CD34+/HLA-DR- cells. CD34'mLA-DR- cells sorted
from fresh, normal, adult marrow contain = 1% LTBMCI C ~ . ~ . I O .This
I Z , I indicates
~
that CD34+/HLA-DR- cells constitute a heterogeneous population in which 99% of cells
either fail to proliferate in the commonly used culture systems or do not have the capability of initiating and sustaining
long-term hematopoiesis. The heterogeneity in this population may at least in part be caused by progenitors of intermediate maturity not capable of generating colonies in methylcellulose or agar assays or of initiating long-term
hematopoiesis. We hypothesized thatthe
differentiation
pressure of in vitro long-term cultures might induce terminal
differentiation of less primitive progenitors and hence their
depletion. In contrast, more primitive progenitors might be
spared. Therefore, reselection of CD34+ cells and CD34+
subpopulations from in vitro cultures may result in the recovery of a population more highly enriched for primitive progenitors. CD34+ cells present in 2- to 3-week-old stromanoncontact cultures were still heterogeneous. Cultured
CD34+ cells contained greater than 10% CFC. However,
such cultured CD34' cells contained also threefold to fourfold more LTBMC-ICs compared with fresh marrow-derived
CDW+/HLA-DR- cells. Cultured CD34+/CD33- cells were
relatively devoid of CFC, but enriched further in LTBMCICs. Compared with fresh marrow CD34+/HLA-DR- cells,
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LTBMC-ICs were 6 times more frequent in cultured CD34+/
CD33- cells present in cytokine-free stroma-noncontact cultures and up to 30 times in CD34+/CD33- cells present in
MIP-la + IL-3-supplemented cultures. This indicates that
the here-used culture conditions are favorable for maintenance of primitive LTBMC-ICs present in the starting
CD34+/HLA-DR-, but not for a large fraction of fresh
CD34+/HLA-DR- cells that fail to initiate LTBMC.
LTBMC-ICs were significantly more frequent in CD34+/
CD33- cells present in MIP-la + IL-3-containing cultures
than cytokine-free cultures. This suggests that the enrichment may at least in part bethe result of terminal differentiation of progenitors of intermediate maturity within the initially sorted population resulting from the differentiation
inducing culture conditions. Alternatively, the combination
of MIP-la + IL-3 and stroma-derived factors may recruit
significantly more quiescent LTBMC-ICs than stroma-derived soluble factors alone.
Interestingly, reselection of cultured CD34+ cells based
on their HLA-DR antigen expression showed that 80% of
LTBMC-ICs reside in the cultured CD34+/HLA-DR+ fraction, whereas cultured CD34+/HLA-DR- cells were relatively depleted of LTBMC-ICs. These results differ from
fresh, uncultured adult humanmarrowwhere LTBMC-IC
are almost exclusively present in the CD34+/HLA-DR- fraction and absent from the CD34+/HLA-DR'
Resence of high numbers of HLA-DR antigens on LTBMC-IC
present in stroma-noncontact cultures could be a reflection
of a more differentiated stage of these progenitors compared
with LTBMC-ICs in the CD34+/HLA-DR- fraction of fresh
marrow. However, we have shown that although CD34+/
HLA-DR+ cells selected from fresh, adult marrow give rise
to CFC during the initial 3 weeks of culture in stromanoncontact culture, no CFC are recovered after 5 weeks of
culture (unpublished observations). This indicates that the
freshly sorted CD34+/HLA-DRf cell population does not
contain LTBMC-ICs. Therefore, the observation that cultured CD34+/HLA-DR+ cells give rise to sustained in vitro
generation of clonogenic progenitors for at least 5 to 6 weeks
indicates that these progenitors are functionally similar to
LTBMC-ICs present in fresh marrow-derived CD34+/HLA-
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Fig 6. Freshly sorted CD34'1HLA-DR-cells were
plated for 2 weeks in MIP-la + IL-3 supplemented
or
stroma-noncontact cultures.
CD34'1CD33CD34+/CD33"'gh'+ cells were reselected using FACS
as shown in Fig 5. The percent CD34* cells present
in the CD34+/HLA-DR- progeny was determined as
the percent ofcells present in R2 and R3(Fig 5).
Cultured CD34'1CD33or
CD34'ICD33b"*'
were
plated in limiting dilution onto irradiated M210-B4
cells. After 5 to 6 weeks, the layers were overlayed
with methylcellulose containing media supplemented with erythropoietin and supernatant
of
the
cell line 5637 for an additional 2 weeks before scoring
the wells for the presence or absence of CFC. The
frequency of LTBMC-IC in the reselected population
was then calculated as described in Materials and
Methods. Statistical analysis:
Comparison
between
CD34'1CD33CD34'ICD33+
and populations:
**, P
5 .001; *, P c .01.
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