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ABSTRACT

Hematopoietic cellular interaction was investigated in a coculture of
the human clonal marrow stromal line, KM-102, and the myeloid leuke
mia cell line, HL-60. In the coculture, a large number of HL-60 cells
remained in the supernatant but some of them became firmly attached to
KM-102 cells. The attached HL-60 cells showed Unie positive reaction
in the NBT test when the culture was supplemented with I0~* to 10 " M

la,25-dihydroxyvitamin 1),. In contrast, differentiation in the supernatant
HL-60 cells was strikingly responsive to the agent in a dose-dependent
way. Furthermore, the complete inhibition was observed in the incorpo
ration of |'H|thymidine into the attached HL-60 cells with autoradiog-
raphy, but 23.6% of the supernatant cells moderately incorporated | 'I l|

thymidine into their nuclei. There was no attachment between HL-60
cells and stromal cells from human thymus and lymph node, or between
lymphocytic leukemia cells and marrow stromal cells. These results
indicate that there is direct cellular interaction between myeloid leukemic
cells and marrow stromal cells which modulates the proliferation and
differentiation of the myeloid leukemic cells. This modulation by marrow
stromal cells is more strongly affected by this interaction than by exog-
enously added differentiation-inducing agents. Apparently marrow
stromal cells produce a definitive milieu for the proliferation and differ
entiation of myeloid leukemic cells.

INTRODUCTION

It has been suggested that hematopoiesis is controlled by
hematopoietic diffusible factors (1) and cell-to-cell interaction
(2) between hematopoietic cells and marrow stromal cells. The
development of a long-term culture system using bone marrow
liquid (3, 4) has shed light on the hematopoietic and stromal
interaction. However, since the culture is composed of different
types of cells, the precise nature of the cell-to-cell interaction
has not been clear. It has been reported that the inhibition of
granulocytic/macrophage (G/M) colony formation requires
close contact between the adherent bone marrow cells and the
granulocyte-macrophage stem cells (CFUc) in both human and
murine cultures, since no inhibition occurred when a thin agar
layer separated the adherent cells from the target bone marrow
cells (5, 6). Therefore, the establishment of clonal stromal cell
lines (7-9) makes it possible to explore the hematopoietic
stromal functions using simple combinations of effector cells
and target cells.

The present experiment was carried out to investigate the
cell-to-cell interaction in the hematopoietic microenvironment
in vitro using a coculture system with clonal human marrow
stromal cell line and leukemic myeloid cells. The results show
clearly that the proliferation and differentiation of HL-60 cells
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are inhibited when they are attached to marrow stromal KM-
102 cells.

MATERIALS AND METHODS
Culture of Cells. The HL-60 (10) was maintained in Iscove's modi

fication of Dulbeco's medium with 10% heat-inactivated fetal bovine
serum, penicillin, and streptomycin at 37Â°C,7.5% CO2, and 100%

humidity. The cells were transferred into new flasks at a density of 2.0
x IO5cells/ml every 3 days. The KM-102 cells, one of the human clonal

stromal cell lines (7), were established by transfection of a viral onco
gene. They were cultured in the same way as the HL-60 cells, and
subcultured at a split ratio of 1:8 every 5 days using trypsin EDTA
dispersant, replaced with fresh medium every 3 days.

Supplements. la,25(OH)2D33 was the gift of Mr. Fukushima (Chugai

Pharmaceutical Co. Ltd., Tokyo). 1Â«,25(OH)2D3was finally diluted at
10~9to IO"7 M in the growth medium on every supplementation. The

medium conditioned by KM-102 cells was collected on the 4th day
after confluence. The conditioned medium was centrifuged at 800 x g
for 10 min, filtered through a 0.2 ^m membrane filter (Millipore,
Bedford, MA, and stored at -20Â°C.

Effect of KM-102 Cells on the Differentiation of HL-60 Cells by
lot,25(OH)2D3. KM-102 cells were inoculated over sterile cover slips
(diameter, 10 mm) in cell wells (24-weIl; Corning, Corning, NY) at 2.0
x 10s cells/well (Fig. 1). On the third day the cultures were replaced
with fresh medium, then HL-60 cells were overlaid on the KM-102
cells at a concentration of 2.0 x 10*cells/ml. After 24 h the supernatant
HL-60 cells were harvested and the cover slips were gently agitated and
washed twice. Then the cover slips were transferred into new cell wells
and fed with fresh growth medium. The supernatant cells were centri
fuged at 800 x g for 10 min and inoculated at 2.0 x IO5 cells/ml in

milli cells (Nihon Millipore Kogyo K. K. Yonezawa) which were set
into the wells of the new cell wells. These cultures were supplemented
with 10-', 10-", or IO"7 M 1Â«,25(OH)2D3.The same volume of the

growth medium without la,25(OH)2Dj was added to the control cul
ture. Diffusible substances permeated the membrane filter between the
two compartments at the bottom of the milli cells, but cells did not.
After an additional 3 days of cultures the supernatant HL-60 cells and
the cells attached to the KM-102 cells and to the membranes of the
milli cells were treated with Nitroblue tetrazolium solution (Sigma
Chemical Company. St. Louis, MO) (11).

Effect of KM-102 Cells on the Proliferation of HL-60 Cells. Incor
poration of [3H]thymidine into the nuclei of HL-60 cells was studied
by autoradiography. [3H]Thymidine (0.8 /Â¿Ci/ml;specific activity, 78.0
Ci/mM; New England Nuclear. Boston. MA) in 2-ml aliquots was
added to each well on the 7th day (Fig. 1) and the wells were incubated
for 60 min at 37Â°C.The supernatant HL-60 cells in the milli cells were

centrifuged at 800 x g for 10 min and prepared as smears. Then the
cover slips in this culture were washed with plain Iscove's medium

without thymidine. The smears and cover slips were dried in air and
stored dry at 4Â°C.All smears and cover slips were dipped in MNR 40

nuclear track emulsion (Konisiroku Photo Ind. Co. Ltd., Tokyo, Japan),
diluted with distilled water (1:1), and placed in a 44'( water bath.

Thereafter, they were exposed at room temperature for 48 h, developed,
and counter stained through the emulsion. At least 200 HL-60 cells
were scored for each labeling index value. In the cover slip specimens,
200 labeled and unlabeled HL-60 cells directly in contact with KM-102
cells were counted. Furthermore, to determine whether the HL-60 cells

'The abbreviation used is: la,25(OH)2D3. In,25-Dihydroxyvitamin D3.
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Fig. 1. Outline of experimental procedure.

attached to the cover slips were able to incorporate [3H]thymidine when

they were treated with 1Â«,25(OH)2D,for 3 days, they were so treated
and then autoradiographed to determine the treatment effect.

Dye Transfer. The dye transfer test (12) using Lucifer Yellow CH
(Sigma) was used to determine the existence of direct communication
mediated by cell junctions between the KM-102 and HL-60 cells.

Various Combinations of Attachments in the Cocultures. Similar
coculture experiments were performed using combinations of human
thymic (R-3-2) and lymphoid stromal cell lines (SG) with HL-60 cells,
and using KM-102 cells with cloned T- (13) and B- (14) cell lines (Table
3). To determine whether the supernatant HL-60 cells and HL-60 cells
detached from KM-102 by light trypsinization could attach to KM-102
cells when they were secondarily cocultured, the following experiments
were performed. The HL-60 cells attached to KM-102 were harvested
from the coculture on the 3rd day by light trypsinization, and it was
determined whether with 1Â«,25(OH)2D3treatment they reattached to
KM-102 and differentiated into more mature cells.

RESULTS

Effect of KM-102 Cells on Differentiation of HL-60 Cells
Treated with la,25(OH)2D3. According to the NBT reduction
test, the positive reaction of supernatant HL-60 cells increased
in the milli cells with increased concentrations of
IÂ«,25(OH)2D3. Positive reactions of 18.3, 40.1, and 60.4%,
respectively, occurred in the cultures supplemented with 10~9,
10-", and IO"7 M la,25(OH)2D3 (Table 1, Fig. 2a). The differ

ences among these values were statistically significant (P <
0.01) and they also differed from the control cultures. The
supernatant HL-60 cells reacted more positively in the culture
with feeder cells than in the one without feeder cells (P< 0.01).
But no reaction products were found in HL-60 cells attached
to the KM-102 cells on the cover slips at the given doses of
lcv,25(OH)2D., (Fig. 2b). HL-60 cells adhering to the membrane
filter of the milli cells showed positive reactions (Fig. 3) dose
dependently, as in the supernatant HL-60 cells in the milli cells.
The HL-60 cells detached from KM-102 by light trypsinization
were able to differentiate into NBT-positive cells when they are
treated with 1Â«,25(OH)2D3.

The medium conditioned by KM-102 cells did not inhibit
the differentiation of HL-60 cells in concentrations of
1Â«,25(OH)2D, ranging from 2.5 to 30% (data not shown).

NBT reduction(%)KM-102

cells1.-2.

-
3. +
4. +
5. +
6. +Concentration

ofDj^M)0io-Â«010-'

io-"
10-'Supernatant

HL-60cells3.1
Â±0.4*

26.4Â±4.1C

3.3 Â±0.8
18.3Â± 1.8"*
40.1 Â±ÃŒ.OfM
60.4 Â±0.7"HL-60

cells
attached to

KM-1020

0
0
0

Â°Dj, lÂ«25(OH)2Dj.
* Values are expressed as mean Â±SD of the pooled supernatant HL-60 cells

of four experiments.
'Statistically significant difference (P < 0.01) vs. nonsupplemented cultures

without KM-102 cells (No. 1).
d Significant differences (P < 0.01 ) among supplemented cultures and supple

mented cultures vs. nonsupplemented cultures with KM-102 cells (No. 3).

Effect of KM-102 Cells on Proliferation of HL-60 Cells. In
the cultures supplemented with 1Â«,25(OH)2D3,the prolifera
tion of supernatant HL-60 cells was inhibited dose dependently.
In the cocultures, 23.6% of the supernatant HL-60 cells were
labeled with ['HJthymidine (Table 2), but the cells attached to
KM-102 cells had no radioactive thymidine. The incorporation
of [3H]thymidine into supernatant HL-60 cells was significantly
lower in the cultures with KM-102 cells than in the cultures
without the cell line feeder. The HL-60 cells attached to cover
slips incorporated [3H]thymidine when their cultures contained

1Â«,25(OH)2D3.
Dye Transfer Test. Dye transfer into adjacent cells was fre

quently observed in primary bone marrow stromal cells and
clonal marrow stromal cells. Sometimes the dye injected into
stromal cells moved into attached round hematopoietic cells in
primary bone marrow culture. The dye transfer also occurred
between KM-102 cells and HL-60 cells, but the frequency was
quite low.

Various Combinations of Stromal Cells and Hematopoietic
Cell Lines in the Cocultures. Cells of neither lymphoid cell line
adhered to KM-102 cells, nor did stromal cells derived from
lymph node and thymus become attached to HL-60 cells. Only
the particular combination of KM-102 and HL-60 cells resulted
in attachments (Table 3). Moreover, HL-60 cells transferred
two or three times were capable of reattachment to the freshly
prepared KM-102 feeders. And the HL-60 cells detached from
KM-102 by light trypsinization are capable of attachment to
freshly prepared feeder cells.

DISCUSSION

Hematopoietic cellular interaction was investigated in a co-
culture of the human clonal marrow stromal line, KM-102, and
the myeloid leukemic cell line, HL-60. A large number of HL-
60 cells remained in the supernatant but some of them became
firmly attached to KM-102 cells. The stable attachment was
observed for 2 weeks. Also, some of the supernatant HL-60
cells transferred two or three times and the cells detached from
KM-102 by light trypsinization are capable of attachment to
freshly prepared KM-102. Leukemic-T and B-cell lines did not
become attached to KM-102 cells in similar coculture systems,
nor did HL-60 cells become attached to stromal cells derived
from either human lymph node or thymus. Therefore, this
attachment appears to be specific for myeloid leukemic cells
and marrow stromal cells.

HL-60 is one of a comparatively small number of human
leukemic cell lines that are suitable for studying the chemically
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Fig. 3. NBT reduction test in HL-60 cells adhering to the mill! cell membrane
filters. The concentrations of supplemented Ia,25(OH)2Dj in the milli cell are: /and 3. growth medium only; 4, 10"' M; 2 and 5, 10"* M; 6, 10~7M.

Table 2 Effect of marrow stromal cell line (KM 102) on the proliferation of
HL-60 cells

Percentage oflabelingKM

102
cells1.-2.

-
3.+
4.+
5. +
6.+Concentration

ofD,"(M)0io-Â«010-'

io-Â«
io-7Supernatant

HL-60cells47.1
Â±3.0*

18.3 Â±2.4'
23.6 Â±1.6'
20.3 Â±3.4'
17.6Â±2.4'-'/
5.2 Â±\.\cjlHL-60

cells
attached to

KM-1020

00

0
"D,, lrt,25(OH)2D,.
* Mean Â±SD for eight cultures of rates of labeled HL-60 cells.
'Significant difference (P< 0.01) vs. nonsupplemented coculture without KM-

102 cells (No. 1).
''Significant difference (P < 0.01) vs. nonsupplemented coculture with KM-

102 cells (No. 3).

Table 3 Result of attachment in coculture in different combinations of human
stromal cell lines with HL-60, and KM-102 cells with leukemia cell lines

Stromal cell lines
Supernatant

cell lines" Attachment

KM-102KM-102KM-102R-3-2

(thymic)SG
(lymph node)HL-60TALLBALLHL-60HL-60YesNoNoNoNo

Â°TALL, RPMI 8402, human T-cell acute lymphoblastic leukemia; BALL, B-
1, human B-cell acute lymphoblastic leukemia.

induced differentiation of myeloid cells in vitro (15, 16). HL-
60 cells contain cytoplasmic receptors for lÂ«,25-dihydroxyvi-
tamin D3 (17) and they differentiate into more mature mono-
cytic cells when exposed to this vitamin (18). The vitamin D3-
supplemented coculture was carried out in order to examine
the cellular interaction between myeloid leukemic cells and
marrow stromal cells. This study clearly showed that prolifer
ation and differentiation of HL-60 cells were inhibited when
they became attached to marrow stromal KM-102 cells, whereas
supernatant HL-60 cells proliferated and differentiated into
more mature monocytic cells. Attachment of HL-60 to the
surface of KM-102 cells is sufficient to prevent incorporation
of pH]thymidine, but attachment of HL-60 to cover slips does
not prevent incorporation. The HL-60 cells detached from KM-
102 by light trypsinization are able to differentiate into NBT-

Fig. 2. NBT reduction test in the coculture of HL-60 and KM-102 containing
10"' M lÂ«,25(OH)Â¡Dj,A. HL-60 cells in the supernatant, black reaction products
are demonstrated in the cytoplasm of HL-60 cells (arrows). B. HL-60 cells attach
to KM-102 cells: H. HL-60 cells: S. stromal cells. No reaction products are found
in HL-60 cells. Giemsa counterstain. x 900.
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positive cells when they are treated with lÂ«,25(OH)2D;i. Ac
cordingly, the clonal human stromal cell line inhibited the
proliferation and differentiation of the leukemic myeloid cell
line by direct contact.

The incorporation of pHJthymidine into the supernatant HL-
60 cells was significantly lower in the culture with KM-102
cells than in the cultures without the cell line. Apparently KM-
102 produced a labile substance that inhibited proliferation,
although the medium conditioned by these cells did not have
any effect on the proliferation and differentiation of HL-60
cells (data not shown).

The number of supernatant HL-60 cells that reacted with the
NBT solution increased in the milli cells more than the HL-60
cells without the cell line feeder. This indicates that KM-102
cells yield diffusible factors which stimulate the 1Â«,25(OH)2D3-
induced differentiation of supernatant HL-60 cells.

Dye transfers were observed between KM-102 and HL-60
cells, and this indicates that there is a direct communication of
low molecular substances between them. But in view of low
frequency, this communication may not be a major inhibitory
mechanism in this coculture system. This study indicates that
direct interaction occurs between HL-60 cells and marrow
stromal cells through their attachment and this is a specific
functional phenomenon possibly attributable to extracellular
matrix and surface antigens of stromal cells in the hemato-
poietic microenvironment. This study also revealed that the
hematopoietic regulation of neoplastic myeloid cells by marrow
stromal cells was stronger than that of the exogenously added
differentiation-inducing agent as has been described in normal
marrow cells (5, 6). Lately, differentiation-inducing substances
have been used for therapeutic applications in leukemic patients
(19). However, it should be noted that the proliferation and
differentiation of leukemic cells in vivo are strongly modulated
by a population of marrow stromal cells.
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