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To investigate the intracellular molecular events during
leukemic cell proliferation, we have examined the method of ghost-
mediated microinjection of macromolecules into leukemic cell line

cells (HL-60). Samples were packed into red cell ghosts. Micro-
injection was performed by the fusion of ghosts and HL-60 cells
using the hemagglutinating virus of Japan (HVJ). Fusion rate was

about 80-90%, when determined by the injection of FITC-labeled
globulins (IgG) or diphtheria toxin fragment A into HL-60 cells.
When the nuclear protein extract from normal granulocytes was injected
into HL-60 cells, their growth was significantly suppressed. The
injection of the nuclear protein extract from HL-60 itself into
HL-60 cells did not dinhibit their growth. This finding suggests
that leukemic cells may be deficient in dintracellular regulatory
factors which have suppressive activity on cell growth. 1985 Acadenic

Press, Inc.

In contrast to the limited proliferative capacity of normal
granulocytes, leukemic cells proliferate in an unregulated fashion
without normal differentiation. This may be due to some abnormality
in dintracellular control mechanisms of gene expression, Micro-
injection of gene products or purified antibodies against them into
viable cells would be a valuable tool for the study of intracellular

molecular events during leukemic cell proliferation and differentia-—
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Abbreviations : HL-60, a human promyelocytic leukemia cell line;
HVJ, hemagglutinating virus of Japan; PBS, phosphate-buffered saline;
rPBS, reverse PBS; BSS-Ca, balanced salt solution supplemented with
CaCl,; FITC, fluorescein isothiocyanate; RSB, reticulocyte saline
buffer; PMSF, phenylmethylsulfonyl fluoride; BSA, bovine serum
albumin; HAU, hemagglutinin unit.
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tion (1-4). In the present study, we have examined the basic
conditions of ghost-mediated microinjection of macromolecules into
leukemic cell line cells (HL-60). Fusion of ghosts and HL-60 cells
was performed with high efficiency by using the hemagglutinating
virus of Japan (HVJ). This method was applied to explore the

intracellular factors regulating the proliferation of myeloid cells.

MATERTALS AND METHODS

Packing of macromolecules into red cell ghosts: The procedure
was based on a method described by Yamaizumi et al. (5) with minor
modifications, Human red blood cells (RBC) were washed twice with
phosphate-buffered saline (PBS) (137 mM NaCl, 3 mM KC1, 8 mM Na HPOA,
1 mM KH,PO,) and twice with reverse PBS (rPBS) (3mM NaCl, %37 mM
KC1, 8 %M a HPOA, 1 mM KHZPO , 4 mM MgCl,). Mixtures of 1 vol
of packed RBC2(50—200 pl) and f‘vol of rPBS“containing samples (200-
800 ul) were dialysed against 6-fold diluted rPBS for 30 win at
4°C. RBC were resealed by dialyzing against isotonic PBS for 30 min
at 37°C. RBC ghosts containing samples were then washed twice
with PBS and twice with balanced salt solution supplemented with
CaCl, (BSS-Ca; 137 mM NaCl, 5.4 mM KCI, 0.34 mM NaqHPOA, 0.44 mM
KH2P6A, 13 mM Tris-HCl, 2 mM CaClZ). “

Microinjection by cell {fusion: Samples were injected into
HL-60 cells by the fusion of ghosts containing samples and HL-60
cells using HVJ (5). HL-60 cells cultured in RPMI 1640 medium
(Grand Island Biological Co., Grand Island, NY) supplemented with
102 fetal calf serum (Flow Laboratories. Inc., Mclean, VA) were
washed once with PBS and twice with BSS-Ca. HVJ was partially
purified from embryonated eggs and titrated using chick red blood
cells (6)., It was inactivated by ultraviolet (UV) irradiation (100
erg/sec/mmn”) for 3 min just beforc use and was diluted with BSS5-Ca.
Mixtures of 0.2 ml of 15% (V/V) ghost suspension, 0.2 ml of HL-60
suspension and 0.4 ml of UV-inactivated HVJ were incubated at 4°C
for 15 min and then at 37°C for 30 min with shaking. These fusion
experiments were performed at variuus concentrations of HL-60 cells
and HVJ. Free ghosts were removed from the fusion products by
density centrifugation on fetal calf serum cushion. The efficiency
of microinjection was determined by the introduction of [luorescein
isothiocyanate (FITC)-1labeled globlins (1gG 5 mg/ml; Cappel
Worthington Biochemicals, Malvern, PA} or fragment # of diphtheria
toxin (10 pg/ml) (E.Y. Laboratories, lInc., San Mateo, CA), which
can exerl its cylotoxicity only in the lIntracellular space (7).
Proportion of HL-60 cells containing FITC-IgG in the cytoplasm was
examined wusing a fluorescence microscope. Cytotoxic effect of
diphtheria toxin fragment A was examined by counting the viable
cells using a trypan blue dye exclusion method after the culture
of 24 hrs.

Preparation of nuclear protein extracts: Peripheral blood
from normal human volunteers was separated by Ficoll-Metrizoatce
(Lvmphoprep: Nyegaard, Oslo, Norway) density centrifugation at

400 x g. Granulocytes were obtained from high-density fraction
after the lysis of contaminated red cells using ammonium chloride
solution (0.13 M NH,Cl, 0.017 M Tris base, 0.0l M KHCO,). Normal

granulocyvtes and HL-60 cells were washed twice with PBS and were
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suspended in RSB buffer (10 mM NaCl, 15 mM MgCl,, 10 mM Tris-HCl)
containing 1 mM phenylmethylsulganyl fluoride (PMSF; Sigma Chemical
Co., St. Louis, MO), 5 x 10~ M 2-mercaptoethanol (Sigma) and
Triton X-100 (0.5% for granulocytes and 0.1% for HL-60 cells) (Wako
Chemicals, Tokyo, Japan). The cells were then homogenized with
a Dounce homogenizer (pestle A, 50 strokes). Homogenates were
centrifuged at 400 x g for 10 min, and nuclear pellets were rinsed
twice with 0.25 M sucrose, 5 mM MgCl,, 1 mM PMSF, Triton X-100 (0.57%
for granulocytes and 0.1%Z for HL-60 cells) and twice with 0,25 M
sucrose, 5 mM MgClz, 1 mM PMSF. Purity of nuclei was examined
with a phase contrast microscopy. Washed nuclear pellets were
suspended in nuclear buffer (70 mM NaCl, 25 mM EDTA, pH 7.6)
containing 1 mM PMSF at a concentration of 20%7 (V/V), and were
disrupted by sonication. Nuclear protein extracts were separated
by centrifugation at 12,000 x g for 15 min and dialyzed against
rPBS.  These samples were stored at -70°C until use in microinjection
experiments. Bovine serum albumin (BSA; Sigma) solution (1 mg/ml
in rPBS) was used as a control.

RESULTS

Microinjection of FITC-labeled TgG into HL-60 cells

To determine the efficiency of microinjection, FITC-labeled
IgG was loaded into red cell ghosts and injected into HL-60 cells
by the fusion of ghosts and HL-60 cells at various concentrations
of UV-inactivated HVJ (Figure 1).  About 80% of HL-60 cells contained

FITC-labeled IgG after the fusion at 500 and 1000 hemagglutinin

100

HL-60 cells containing FITC-1gG ()

T T T T
100 500 1000 5000
concentration of HVJ (HAU/me)

Figure 1, Microinjection of FITC-Igé molecules 1into Hg§60 cells
at different concentrations of HVJ. HL~60 cells (5 x 107/ml) were
fused with ghosts containing FITC-labeled IgG using HVJ as a fusogenic
agent. After fusion, HL-60 cells containing FITC-IgG in the
cytoplasm were counted using a fluorescence microscope. Mean * S.D.
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Table 1. Fusion reaction at different concentrations of HL-60 cells
Concentrations of HL-60 HL-60 cells containing HL-60 cells containing
(No. of cells/ml) FITC-1gG (Z%)* 2 or more nuclei (Z)*%
6 o .
0.25 x 10 82+ 8 3.5 + 1.
0.5 x 10° 83 + 11 30 41
1.0 x 10° 79 + 13 8.5 + 1.5
2.5 x 107 Bl + 6 13.5 + 2.5

HL-60 cells were fused with ghosts containing FITC-labeled fgG using HVJ (1000 HAU/ml).

#*HL-60 cells containing FITC-IgG in the cytoplasm were counted using a fluorescence
microscope. Mean + S.D.

#*#*HL-60 cells containing 2 or more nuclei were counted using a light microscope after
Wright-Giemsa staining of cytocentrifuge preparations. Mean + S.D.

units (HAU)/ml of HVJ. At the lower (100 HAU/ml) and higher
(5000 HAU/ml) concentrations of HVJ, fusion rates slightly decreased.
Almost equal efficiency of microinjection was obtained at various
concentrations of HL-60 cells in fusion reaction mixtures, However,
at higher concentrations of HL-60 cells, the proportion of HL-60
cells containing two or more nuclei increased, which means that
HL-60 x HL-60 fusion occurred (Table 1). At 5.0 x 105 cells/ml or
lower, the proportion of multinucleated HL-60 cells was same as
that of untreated HL-60 cells. Therefore, the following fusion
experiments were performed at 1000 HAU/ml of HVJ and at 2.5 - 5.0
X lO5 cells/ml of HL-60 cells. Almost all fused cells ( > 95%)
were viable as determined by dye exclusion tests.

Microinjection of nuclear protein extracts from normal granulocytes

into HL-60 cells

Nuclear protein extracts from normal granulocytes and from
HL-60 cells were loaded into red cell ghosts and then injected into
HL-60 cells. Their effects on HL-60 growth were investigated by
short-term cultures of 24 hrs (Figure 2). As a negative control,
ghosts containing BSA were fused with HL-60 cells. The growth
of HL-60 cells injected with BSA was slightly suppressed compared

with that of untreated HL-60 cells. When diphtheria toxin fragment
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Figure 2, Effects of microinjection of nuclear proteins into HL-60
cells on their growth. HL-60 cells were fused with ghosts containing
BSA, normal granulocyte-derived nuclear protein extract, HL-60-derived
nuclear protein extract or diphtheria toxin fragment A, using HVJ
(1000 HAU/ml). After the culture of 24 hrs, viable HL-60 cells
were counted by a dye exclusion method. Results are expressed
as means t+ S.D. of five experiments. The injection of the
granulocyte-nuclear extract suppressed HL-60 growth significantly
(p<0.01) compared with that of HL-60 nuclear extract.

A, a positive control, was injected, the number of viable HL-60
cells were 1less than 107 of that of untreated HL-60 cells and
approximately 10% of that of HL-60 cells injected with BSA. This
means that the efficiency of microinjection was about 90Z, This
figure was confirmed in the experiment of colony formation by HL-60
cells in semi-solid agar cultures (data not shown). The effect
of injection of nuclear protein extract from HL-60 itself into HL-60
cells was similar to that of BSA. However, the injection of normal
granulocyte-derived nuclear protein extract into HL-60 cells caused
slight but significant (p <0.0l) suppression of their growth, compared

with that of HL-60 nuclear extract.

DISCUSSION
Microinjection of biologically active macromolecules into viable
cells seems to be a powerful tool to study complex biologic phenomena

that can not be approached with conventional in vitro systems (l-4,
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8-10), Among various microinjection methods, the ghost-mediated
method is most suitable for the microinjection of protein molecules
into suspension cells, although it is difficult to inject DNA or
RNA into cells by this method (8-10). In the present study, we
demonstrated that protein molecules could be microinjected into
leukemic cell line cells (HL-60) through fusion with red cell ghosts
containing the samples. Very high efficiency of microinjection
was obtained under an optimal experimental condition; i.e. about
80-907 of HL-60 cells were injected with samples. Because of a
low cytotoxicity of UV-inactivated HVJ, the viability of fused HL-60
cells was very high. Moreover, microinjected cells retained the
capacity to form colonies in semi-solid agar cultures {(data not
shown).

We have applied this method to investigate the abnormality
of leukemic cell growth, It has already been demonstrated that
nuclear proteins injected into cytoplasm rapidly transfer and localize
to the cell nucleus following microinjection (11,12). Therefore,
the ghost-mediated cell fusion technique seems to be efficient for
the study of biological role of nuclear proteins. The present
study showed that the injection of normal granulocyte-derived nuclear
protein extract into HL-60 <cells caused significant suppression
of their growth. On the other hand, the injection of nuclear protein
extract from HL-60 itself into HL-60 cells did not inhibit their
growth. Although additional experiments will be required, this
study suggests the possibility that leukemic cells are deficient
in nuclear regulatory factors which have suppressive activity on
cell growth. The identify of these factors is currently under
investigation.

Recently the biological role of transformation-related protein
p53 and ras oncogene product has been clarified using the glass-

capillary microinjection method (1,3,4). However, the glass-
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capillary method is difficult to apply for suspension cells,
Moreover, it is impossible to treat many cells with this technique.
Our method will enable us to investigate the biological role of
oncogene products in leukemic cells. Biochemical analysis will
also be possible after the microinjection, because a large number

of cells can be treated by this ghost-mediated microinjection method.
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