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We have recently established a clonal culture system that and May-Grünwald Giemsa staining. All mixed colonies con-
supports the growth of immature natural killer (NK) cells tained Thy-1"B220Ï cells, which can differentiate to mature
from murine fetal thymocytes. We now describe a culture NK cells in fetal thymus organ culture. Most of the colonies
system for mixed NK cell colony formation from single contained B220" B-lineage cells and macrophages, and some
lymphohematopoietic progenitors. When Sca-1"c-kit" fetal contained mast cells. IL-1a and IL-3, which have previously
liver cells were cultured in methylcellulose media with in- been shown to inhibit the T- and B-cell potentials of blast
terleukin (IL)-2, IL-7, IL-11, and steel factor (SF), we found colonies, suppressed the formation of mixed NK cell colo-
mixed colonies consisting of diffuse small round cells charac- nies. The clonal culture assay presented here may be useful
teristic of immature NK cells and other types of cells. The in analysis of the developmental pathway and commitment
single cell origin of the mixed colonies was established by of NK cells from multipotential progenitors.
micromanipulation. Individual mixed colonies derived from q 1997 by The American Society of Hematology.
single cells were characterized by flow cytometric analysis

mice were killed and thymi and livers of the fetuses were harvested.N Cell suspensions of the two organs were prepared by gently pressing
ATURAL KILLER (NK) cells comprise a small popu-
lation of lymphocytes, which are distinct from T and

the thymic lobes or minced livers between two slide glasses followedB lymphocytes.1 NK cells exert cytolytic activity against
by repeated pipeting.certain tumor cells or transplanted allogenic cells and are

Cytokines. Human IL-1a was provided by Y. Hirai (Otsukathought to play important roles in various immune re-
Pharmaceutical, Tokushima, Japan). Purified murine recombinantsponses.2,3 Although the functions of NK cells have been
IL-2 and IL-3 were purchased from R&D system (Minneapolis,

studied extensively, their ontogeny and regulation of devel- MN). Purified recombinant human IL-6 was a gift from M. Naruto
opment are largely unknown. Several reports suggest that of Toray Industries Inc (Kamakura, Japan). Recombinant human IL-
NK cells are closely related to T lymphocytes in their devel- 7 was provided by Sanofi Winthrop, Inc (Malvern, PA). Recombi-
opmental pathway.4 NK/T common progenitors have been nant murine SF was a gift from Elaine K. Thomas (Immunex, Seattle,
identified in human fetal thymus.5 In mice, a small subset WA). Recombinant human IL-11, human IL-12, and human erythro-
of thymocytes has been shown to have the potential to de- poietin was provided by Genetics Institute (Cambridge, MA). Re-

combinant human granulocyte colony-stimulating factor (G-CSF)velop into both NK and T cells6,7 in vivo, suggesting that
was a gift from A. Shimosaka of Kirin Brewery, Co, Ltd (Maebashi,NK/T common precursors also exist in murine thymus. In
Japan). Concentrations of cytokines used were as follows: IL-1a,contrast to the developmental relationship between NK and
1.0 ng/mL; IL-2, 20 ng/mL; IL-3, 10 ng/mL; IL-7, 200 U/mL (20T cells, the lineage relationship of NK cells with B and
ng/mL); IL-11, 100 ng/mL; IL-12, 10 ng/mL; SF, 100 ng/mL; G-myeloid cells largely remains to be examined.
CSF, 100 ng/mL; erythropoietin, 2 U/mL.To clarify the pathway and regulation of NK cell develop-

Monoclonal antibodies. Anti-B220 (14. 8)11, anti-Gr–1 (RB6-
ment, it is necessary to establish a clonal cell culture system,

8C5)12, anti-Mac–1 (M1/70)13, anti-CD4 (GK1.5)14, anti-CD8 (53-
which supports the development of NK cells from multipo- 6.72),15 and anti-TER–11916 were used as lineage-specific antibodies
tential hematopoietic progenitor cells. Recently, we estab- in negative immunomagnetic selection. Monoclonal antibodies used
lished the culture system that supports the growth of imma- for flow cytometric analysis and sorting were as follows: phycoer-
ture NK cell colonies from fetal thymocytes. The colonies ythrin (PE)-conjugated–anti-CD3 (145-2C11)17 (Pharmingen, San
appeared as a diffuse collection of small round cells showing Diego, CA), PE-conjugated–anti-NK1.1 (PK136)18 (Pharmingen),

PE-conjugated–anti-CD25 (PC61.5.3)19 (Caltag Laboratories, Sanno central cores. The unique morphology of these colonies
Francisco, CA), PE-conjugated–anti-B220 (RA3-6B2),11 PE-conju-and constituent cells provided an opportunity to identify
gated–anti-Sca–1 (E13-161.7)20 (Pharmingen), fluorescein isothio-multilineage colonies containing NK cells in cultures of ex-
cyanate (FITC)-conjugated–anti-Thy–1 (30-H12)15 (Pharmingen),trathymic tissues. Here, we report that purified progenitors

from fetal liver cells can form mixed colonies consisting of
immature NK cells, B lineage cells, macrophages and/or
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FITC-conjugated–anti-Ly5.1 (A20-1.7, kindly provided by Dr H. small round cells were also observed, although the frequency
Flemming, Emory University, Atlanta, GA), FITC-conjugated–anti- was low (Table 1). About 15 of 50 fetal liver Sca-1/ c-kit/
c–kit (2B8)21 (Pharmingen). cells formed colonies, which apparently lacked immature NK

Purification of progenitors from fetal livers. Purification of pro- cells. These colonies were identified as pre-B cell, mast cell,
genitors was performed by using the methods described by Shih et macrophage, and mixed mast cell-macrophage colonies in
al22 and Fujimoto et al23 with slight modifications. First, cells with

situ using criteria described previously.10,24-26 Table 1 showsa density between 1.0000 and 1.0770 were collected with discontinu-
the results of a representative study of the colony formingous density gradients of Nicodenz (Accurate Chemical & Scientific
ability of fetal liver Sca-1/c-kit/ cells of day 14 gestation.Corp, Westbury, NY). The cells were further enriched for progenitors
In this table, mast cell, macrophage, and mixed mast cell-by negative immunomagnetic selection with a cocktail of lineage-

specific monoclonal antibodies, and the lineage-negative cells were macrophage colonies were collectively designated as myeloid
sorted for Sca-1–and c-kit–positive cells using FACS Vantage (Bec- colonies. The data shown in Table 1 indicate that a cytokine
ton Dickinson, Mountain View, CA). combination of IL-2, IL-7, and SF, which supports the growth

Flow cytometric analysis and cell sorting. Basic methods of cell of pure NK cell colonies from fetal thymocytes, fails to sup-
staining for flow cytometric analysis were described previously.10

port the formation of mixed NK cell colonies from fetal liver.
Briefly, cells were incubated with appropriately diluted monoclonal We also examined the colony forming ability of the fetal
antibodies for 20 minutes on ice. In all experiments, cells stained

liver Sca-1/c-kit/ cells on day 13 and 15 of gestation. Thewith isotype-matched control immunoglobulins were also prepared
frequencies of mixed NK cell colonies were similar to thatas negative controls. Cells were washed once with phosphate-buf-
of day 14. In Table 1, the colony forming abilities of fetalfered saline supplemented with 1% deionized bovine serum albumin
thymocytes are also shown. Colony forming ability of(BSA), analyzed, and/or sorted by using FACS Vantage.

Cultures for mixed NK cell colonies. Cells were cultured in the CD250c-kit/ thymocytes was examined along with unfrac-
medium consisting of a-medium (Flow Laboratories, Rockville, tionated fetal thymocytes because this population of cells has
MD), 1.2% 1500-centipoise methylcellulose (Shinetsu Chemical, been previously shown to have T, B, and NK cell potential.28

Tokyo, Japan), 5% fetal calf serum (FCS, Intergen, Purchase, NY), In contrast to Sca-1/c-kit/ cells of fetal liver, neither unpuri-
1% deionized fraction-V BSA (Sigma, St Louis, MO), 0.1 mmol/L fied thymocytes nor purified CD250c-kit/ fetal thymocytes
2-mercaptoethanol (Sigma) and designated cytokines. Dishes were formed mixed NK cell colonies even in the presence of IL-
incubated for 18 days at 377C in a humidified atmosphere of 5%

2, IL-7, SF, and IL-11.CO2. Colonies were scored on an inverted microscope using criteria
Minimal cytokine requirements for the growth of the mixeddescribed previously.10,24-26 Single cell manipulation was performed

NK cell colony. We next examined the minimal cytokineas described previously.27 Briefly, cells were first plated in 1 mL of
requirement for the formation of the mixed NK cell colony.methylcellulose medium at the concentration of 2,000/mL. Transfer

of a single cell to cytokine containing methylcellulose medium was Sca-1/c-kit/ cells of fetal liver were cultured in methylcellu-
accomplished by using a fine Pasteur pipet (with a diameter of lose media with cytokines designated in Table 2. The results
approximately 30 mm) attached to a micromanipulator (H-10M, indicate that IL-7, IL-11, and SF are necessary for the growth
Hacker Instruments, Fairfield, NJ) under direct microscopic visual- of mixed NK cell colony. IL-2 is not essential for the colony
ization. formation, but increases the frequency of colonies.

Fetal thymus organ culture. Fetal thymus organ culture was Clonality and characterization of mixed NK colonies. To
performed as described previously.10 Briefly, fetal thymi were first

establish the clonal origin of the mixed colonies, we nextincubated with 4 1 104 test cells in hanging drop culture for 20
plated individual Sca-1/c-kit/ fetal liver cells by microma-hours. Thymic lobes were then transferred onto filter membranes
nipulation into methylcellulose media containing IL-2, IL-(Costar, Cambridge, MA; pore size, 8 mm) and cultured for 11 days.
7, IL-11, and SF. The results of two experiments are shownCells were recovered from the thymic lobes, stained with antibodies,

and analyzed by flow cytometry. in Table 3. Twenty-seven of 196 and 24 of 193 cells formed
mixed NK colonies in experiments 1 and 2, respectively.

RESULTS These results established the single cell origin of the mixed
colonies. We then picked individual mixed colonies fromFormation of mixed NK cell colonies from fetal liver pro-
the methylcellulose media and analyzed their size. The meangenitors. We recently described a clonal culture assay for
{ standard deviation (SD) of the cell number of the mixedimmature NK cells from fetal thymocytes.10 The colonies
colonies was 3 1 104 { 1.1 1 104 cells. One aliquot of thewere very diffuse without central core, and most of the cells
remaining cells was examined for the expression of B220were small round cells. Because of the unique morphology,
and Thy-1 by flow cytometry. As shown in Table 4, allthe immature NK cell colonies could be easily distinguished
colonies identified in situ contained Thy-1/B2200 cells. Thisfrom other types of colonies in situ on an inverted micro-
is consistent with our previous observation10 that the cellsscope. In an effort to identify similar colonies from extrathy-
in the immature NK colonies express Thy-1 at a high level,mic tissues, we found that Sca-1/ c-kit/ cells of fetal liver
but not B220. Most of the colonies (25 of 27 colonies andcan form mixed colonies containing immature NK cells when
20 of 24 colonies in experiment 1 and experiment 2, respec-cultured in the presence of IL-2, IL-7, SF, and IL-11 (Table
tively) showed B220/Thy-10 cells indicating the presence1 and Fig 1). The colonies consist of diffuse small round
of B-lineage cells. Representative fluorescence-activated cellcells characteristic of immature NK cells and other types of
sorting (FACS) profiles of individual colonies are shown incells constituting a central core (Fig 1). An average of seven
Fig 2. The upper left and right panels in Fig 2 representcells of 50 Sca-1/c-kit/ fetal liver cells formed the mixed

colonies. Pure NK cell colonies consisting of only diffuse mixed NK colonies with and without B220/ cells, respec-
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Table 1. Effects of Addition of IL-11 on the Colony Formation From Fetal Liver and Fetal Thymus Cells

Cell Plated No. of Colonies

Type No./Dish Cytokines Mixed-NK Pure-NK Pre-B Myeloid

Sca-1/c-kit/ FL 50 IL-2, IL-7, SF 0 1 { 1 3 { 1 9 { 1
IL-2, IL-7, IL-11, SF 7 { 1 2 { 1 4 { 1 9 { 2

Unfractionated FT 1000 IL-2, IL-7, SF 0 11 { 1 0 2 { 1
IL-2, IL-7, IL-11, SF 0 13 { 1 0 3 { 2

CD250c-kit/FT 300 IL-2, IL-7, SF 0 22 { 3 0 1 { 1
IL-2, IL-7, IL-11, SF 0 18 { 2 0 2 { 1

Sca-1/c-kit/FL cells were prepared as described in the Materials and Methods section. CD250c-kit/FT cells were prepared by FACS sorting.
Cells were cultured in methylcellulose media in the presence of designated cytokines. Colonies were scored after 18 days of incubation. Data
represent mean { SD of quadruplicate cultures.

Abbreviations: Mixed-NK, mixed NK colonies; Pure-NK, NK cell colonies; Pre-B, Pre-B cell colonies; Myeloid, colonies consisting of mast cells,
macrophages or both; FL, fetal liver; FT; fetal thymus.

tively. Consistent with earlier observations,24,26 some of the of a representative mixed colony is shown in Fig 3. We also
performed differential cell counting of the mixed NK cellB220/ cells in the pre-B cell and mixed NK cell colonies

expressed Thy-1. The other aliquot of the cells was subjected colony. One hundred Sca-1/c-kit/ cells were individually
plated by micromanipulation in methylcellulose media con-to May-Grünwald-Giemsa staining for examination of my-

eloid lineage cells. As shown in Table 4, most of the colonies taining IL-2, IL-7, IL-11, and SF. Ten mixed NK cell colo-
nies were observed 18 days later. Each colony was pickedcontained macrophages, and some contained mast cells. Pho-

tomicrograph of the May-Grünwald Giemsa-stained smear and subjected to May-Grünwald Giemsa staining. As shown

Fig 1. A photomicrograph of a mixed NK cell colony. One quarter of a representative mixed NK cell colony seen on an inverted microscope
is shown. Original magnification Ì 40.
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Table 4. B Cell and Myeloid Expression of Individual Mixed NKTable 2. Minimal Cytokine Requirement of Mixed NK Cell Colonies
Cell Colonies

No. of Colonies

No. of Colonies
Cytokines Mixed-NK Pure-NK Pre-B Myeloid

Thy-1/B2200 B220/ Macrophage Mast Cell Exp. 1 Exp. 2SF 0 0 0 4 { 1
/ / / / 4 4IL-2 0 0 0 0

IL-7 0 0 0 0 / / / 20 16
/ / 2 4IL-11 0 0 0 0

SF, IL-2 0 0 0 4 { 1 / / 1 0
SF, IL-7 0 0 2 { 1 4 { 1 Mixed NK cell colonies derived from single cells were harvested
SF, IL-11 0 0 0 10 { 2 from methylcellulose media, divided into two aliquots, and subjected
IL-2, IL-7 0 0 0 0 to two-color flow cytometry and May-Grünwald Giemsa staining.
IL-2, IL-11 0 0 0 0
IL-7, IL-11 0 0 0 0
SF, IL-2, IL-7 0 0 { 1 0 { 1 5 { 2
SF, IL-2, IL-11 0 0 0 { 1 10 { 2 colonies. Cells were cultured in methylcellulose media con-
SF, IL-7, IL-11 2 { 1 1 { 1 3 { 1 9 { 3 taining IL-3, IL-11, and erythropoietin for analysis of the
IL-2, IL-7, IL-11 0 0 0 { 1 0 myeloid potential and in media containing SF and IL-7, for
SF, IL-2, IL-7, IL-11 8 { 1 0 { 1 4 { 2 6 { 1 analysis of B-cell potential. Microscopic observation was

A total of 50 Sca-1/c-kit/ fetal liver cells were plated in methylcellu- performed every 2 days during 10 days of culture. There
lose media in the presence of designated cytokines. Colonies were was no colony formation indicating that hematopoietic pro-
scored after 18 days of incubation. Data represent mean { SD of genitors are not present in the mixed NK cell colonies.
quadruplicate cultures. Effects of IL-1a and IL-3. We have shown previously

that IL-1a and IL-3 have inhibitory effects on the develop-
ment of B and T cells from lymphohemopoietic cells.9,23,24

We, therefore, examined the effects of IL-1a and IL-3 onin Table 5, the majority of the cells constituting the mixed
colonies were lymphoid lineage cells, but the proportions of the mixed NK cell colony formation because it has been

suggested that NK, B, and T cells share common progenitorsthe lymphoid cells, macrophages, and mast cells varied
among colonies. at certain developmental stages. Sca-1/c-kit/ cells were puri-

fied from the fetal liver and cultured in methylcellulose withNK cell potential of Thy-1/B2200 cells in mixed NK cell
colonies. The unique in situ appearance of the colonies cytokines designated in Table 6. In the presence of IL-1a

or IL-3, neither NK nor mixed NK cell colonies formed.and the presence of Thy-1/B2200 cells indicated that mixed
colonies contain immature NK cells. To confirm this, we This observation suggested that IL-1a and IL-3 negatively

regulate the development of immature NK cells.next examined the NK cell potential of the cells in the mixed
colonies using fetal thymus organ culture. We have shown Effects of early-acting cytokines. Previously, we have

reported that IL-11, IL-6, IL-12, and G-CSF in combinationpreviously that this culture method supports the maturation
of immature NK cells from fetal thymocytes.10 We picked with SF support the growth and survival of murine lympho-

hematopoietic progenitors.24,29,30 We next examined the ef-mixed NK cell colonies individually, pooled and prepared
Thy-1/B2200 cells by FACS sorting as shown in Fig 4A. fects of these early-acting cytokines on the colony formation

supported by IL-2, IL-7, and SF. The results presented inCells were then plated in the fetal thymus organ culture for
identification of NK1.1/ cells. As shown in Fig 4B, Ly5.1/ Table 7 indicate that IL-11, IL-6, IL-12, and G-CSF can

individually support the growth of mixed-NK cell coloniesdonor cells cultured in the presence of thymic lobes of
Ly5.2/ mice expressed NK1.1, but not CD3. This result in the presence of IL-2, IL-7, and SF. Consistent with previ-

ous data obtained by using bone marrow progenitors as mate-confirmed that the Thy-1/B2200 cells in the mixed colonies
have the ability to develop into NK cells. We also examined rials,29,31 IL-12 exhibited the least activity among these cyto-

kines, and the colonies developing in the presence of IL-12the possible presence of the clonogenic cells in the mixed
NK cell colonies by replating the pooled mixed NK cell were smaller than those supported by IL-11, IL-6, or G-CSF

(data not shown).

DISCUSSION
Table 3. NK Cell Colony Formation From Individually Plated Cells

Although much effort has been made to clarify the path-
No. of Colonies

way and regulation of NK cell development, there are still
Exp. # No. of Cells Plated Mixed-NK Pure-NK Pre-B Myeloid many questions to be resolved in NK cell ontogeny. One of

the major problems that hampered the study of NK cellExp. 1 196 27 4 13 43
Exp. 2 193 24 5 18 36 development is the lack of a clonal culture, which supports

the growth and development of NK cells from uncommittedSca-1/c-kit/ cells purified from fetal liver were individually plated
progenitor cells. Here, we report the development of a cultureinto methylcellulose media by micromanipulation. Cells were cultured
system, which supports the growth of immature NK, B, mac-in the presence of IL-2, IL-7, IL-11, and SF. Colonies were scored after

18 days of incubation. rophages, and/or mast cells from a single progenitor.
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Fig 2. Representative FACS profiles of colonies
derived from single cells. Sca-1"c-kit" cells were puri-
fied from fetal liver and were plated individually by
micromanipulation into methylcellulose media con-
taining IL-2, IL-7, IL-11, and SF. After 18 days of cul-
ture, colonies were identified in situ and picked indi-
vidually. Cells from each colony were stained with
PE-anti–B220 and FITC-anti–Thy-1 and analyzed by
FACS Vantage using Cell Quest software. Upper left:
A mixed NK colony with B lineage cells. Upper right:
A mixed NK colony without B lineage cells. FACS
profile of a typical pure NK, pre-B or myeloid colony
is also shown for comparison.

Fig 3. Photomicrograph of a portion of the May-Grünwald Giemsa-stained smear of a mixed NK cell colony showing a macrophage, mast
cells, and 5 lymphoid cells.
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Table 6. Effect of IL-1a and IL-3 on the Formation of NK CellTable 5. Differential Counts of Mixed NK Cell Colonies Derived
From Single Progenitors Colonies From Fetal Liver Cells

No. of ColoniesDifferential Cell Counts

Colony No. Lymphoid Macrophage Mast Cell Cytokines Mixed-NK Pure-NK Pre-B Myeloid

1 88 12 0 IL-2, IL-7, IL-11, SF 7 { 1 1 { 1 2 { 1 9 { 3
IL-1a, IL-2, IL-7, IL-11, SF 0 0 0 14 { 22 98 2 0

3 86 11 3 IL-3, IL-2, IL-7, IL-11, SF 0 0 0 18 { 4
4 91 9 0 Sca-1/c-kit/ cells were purified from fetal liver. A total of 50 cells
5 98 2 0 was plated in methylcellulose media in the presence of designated
6 65 35 0 cytokines. Colonies were scored after 18 days of incubation. Data
7 78 22 0 represent mean { SD of quadruplicate cultures.
8 45 51 4
9 95 5 0

10 83 17 0
Accumulating data support the concept that NK, T, and

100 Sca-1/c-kit/ cells were individually plated in methylcellulose B cells arise from common progenitors.7,28,32-34 However, be-
media containing IL-2, IL-7, IL-11, and SF. Ten mixed NK cell colonies

cause of the lack of a clonal culture, which supports the
were observed 18 days later. The colonies were individually harvested

growth of multiple lymphoid lineage cells simultaneously,and subjected to May-Grünwald Giemsa staining.
common progenitors for lymphocytes have not been identi-
fied at the clonal level. The culture system presented here
will greatly facilitate identification of common lymphoid
progenitors because this culture supports simultaneous
growth of NK and B lineage cells. It has been reported that
a small subset of thymocytes can develop to yield both NK
and B cells. These progenitors are thought to contain com-
mon lymphoid progenitors.7,28 It is noteworthy that fetal thy-
mocytes could not form mixed colonies containing NK and
B lineage cells. This may indicate that fetal thymi contain
committed NK and B cell progenitors, but not common NK/
B progenitors. Alternatively, very few thymocytes may have
potential to develop to both NK and B cells, and our culture
condition may not be sensitive enough to detect the common
progenitors. In each case, a careful clonal analysis must be
used for examining multipotency of a certain population of
cells.

Multiple roles of IL-11 in hematopoiesis have been docu-
mented.35-37 We have previously reported that IL-11 supports
the growth and/or survival of lymphohemopoietic progeni-
tors.24-30 Consistent with this observation, the data presented
here suggest that IL-11 supports the proliferation of NK, B
and myeloid common progenitors of fetal liver. It is unlikely
that IL-11 stimulated the growth of NK cells in a lineage-
specific manner because IL-11 did not support the formation

Table 7. Effects of Early-Acting Cytokines on the Formation of NK
Cell Colonies

No. of Colonies

Fig 4. NK cell potential of Thy-1" cells present in mixed colonies. Cytokines Mixed-NK Pure-NK Pre-B Myeloid
Sca-1"c-kit" cells were purified from C57BL/6-Ly5.1/C57BL/6-Ly5.2

IL-2, IL-7, SF 0 { 1 1 { 1 5 { 1 8 { 2F1 (Ly5.1/Ly5.2) mice. Cells were cultured in the methylcellulose me-
IL-11, IL-2, IL-7, SF 9 { 1 1 { 1 2 { 1 11 { 3dia containing IL-2, IL-7, IL-11, and SF. After incubation for 18 days,
IL-6, IL-2, IL-7, SF 5 { 1 0 { 1 1 { 1 8 { 2mixed NK cell colonies were individually picked, pooled, stained with

PE-anti–B220 and FITC-anti–Thy-1, and analyzed by flow cytometry G-CSF, IL-2, IL-7, SF 6 { 1 1 { 1 3 { 1 7 { 2
(A). Thy-1"B220Ï cells (R1) were sorted and incubated in hanging IL-12, IL-2, IL-7, SF 3 { 1 0 4 { 1 8 { 1
drop for 20 hours with fetal thymus lobes from BDF1 (Ly5.2) mice.

Sca-1/c-kit/ cells were purified from fetal liver. A total of 50 cellsThe lobes were transferred to filter membranes and cultured for 11
was plated in methylcellulose media in the presence of designateddays. Cells recovered from lobes were stained with FITC-anti–Ly5.1
cytokines. Colonies were scored after 18 days of incubation. Dataand PE-anti–NK1.1, PE-anti–CD3 or mixture of PE-hamster–IgG and

PE-mouse IgG2a and analyzed by FACS Vantage (B). represent mean { SD of quadruplicate cultures.
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13. Springer T, Galfre G, Secher DS, Milstein C: Mac-1: A mac-of pure NK cell colonies (Table 1). It is more likely that IL-
rophage differentiation antigen identified by monoclonal antibody.11 acted on early progenitors before commitment to NK cell
Eur J Immunol 9:301, 1979lineage. The exact developmental stages of the progenitors

14. Dialynas DP, Wilde DB, Marrack P, Pierres A, Wall KA,whose growth IL-11 supports, however, remain to be clari-
Havran W, Otten G, Loken MR, Pierres M, Kappler J, Fitch FW:fied further.
Characterization of the murine antigenic determinant, designated

It has been shown that IL-1a and IL-3 can individually
L3T4a, recognized by monoclonal antibody GK1.5: Expression of

abrogate the T- and B-cell potential of colonies derived from L3T4a by functional T cell clones appears to correlate primarily
murine bone marrow and fetal liver cells.8,9,23 The data pre- with class II MHC antigen-reactivity. Immunol Rev 74:29, 1983
sented in Table 4 indicate that IL-1a and IL-3 also negatively 15. Ledbetter JA, Herzenberg LA: Xenogenic monoclonal anti-
regulate the growth and differentiation of NK cells. It is bodies to mouse lymphoid differentiation antigens. Immunol Rev
possible that these cytokines suppress the proliferation or 47:63, 1979

16. Ikuta K, Kina T, MacNeil I, Uchida N, Peault B, Chiendifferentiation of lymphoid common progenitors, which have
Y-H, Weissman IL: A developmental switch in thymic lymphocytea T, B, and NK potential. Alternatively, they may negatively
maturation potential occurs at the level of hematopoietic stem cells.regulate T, B, and NK-committed progenitors. Regardless,
Cell 62:863, 1990the observations may have significant impact on the in vitro

17. Leo O, Foo M, Sach DH, Samelson L, Bluestone JA: Identi-manipulation of lymphohematopoietic stem cells and pro-
fication of monoclonal antibody specific for a murine T3 polypeptide.

genitors.
Proc Natl Acad Sci USA 84:1374, 1987
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