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Abstract. The K-562 leukemia cell line, originally established in our laboratory, has been
characterized as an early precursor of the granulocytic series with a block for differentiation.
Since K-562 blasts did not differentiate when cultured for 7—8 days in liquid media or 14—16
days in agar-gel an attempt was made to stimulate their potential for spontaneous differ-
entiation by prolonging the time in culture. Inducers of differentiation were not added to the
cultures and the cells were studied when they reached the steady state rather than during
exponential growth. The cultivation of K-562 cells for 10 to 11 days in media gradually
depleted of the essential nutrients needed for cell division induced their differentiation into
early precursors of the monocytic, granulocytic, and erythrocytic series. Thus, the
peroxidase reaction for hemoglobin demonstrates benzidine-positive material limited to the
region of the Golgi apparatus. Analysis of the hemoglobin by isoelectric focusing indicated
major bands in the region of embryonic hemoglobin. Most cells (80—90%) give a strong
reaction for a-naphthyl acetate esterase typical of monocytes and as many as 30 to 40% of
the cells have abundant red cytoplasmic granules of naphthol AS-D chloroacetate esterase
characteristic of granulocytic precursors. Myeloperoxidase activity was found in 5 to 10% of
the cells. Polypioid cells (5—8%) and early myelomonocytic precursors have PAS-positive
material, were stained with Sudan black, and possessed abundant acid phosphatase. The
data support the conclusion that K-562 is, indeed, a multipotential leukemia cell line of

human origin.

The lack of a human multipotential
leukemia cell line has been a major limita-
tion for the study of the differentiation of
hematopoietic cells (1). Inasmuch as exist-
ing in vitro systems to study the differentia-
tion of human leukemia stem cells are re-
stricted to short-term cultures (1, 2), there
is an obvious need for long-term cultures of
well-characterized leukemia blasts that may
be induced to differentiate into one or more
hematopoietic cell series. We report herein
that K-562 leukemia blasts have the poten-
tial for spontaneous differentiation into
very early progenitor cells usually seen in
the bone marrow and peripheral blood of
individuals with chronic myelogenous
leukemia (CML).

Material and Methods. The K-562
leukemia cell line was originally established
in our laboratory nearly 10 years ago and it
has been characterized as a very early pre-
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cursor of the granulocytic series with a
block for differentiation into more mature
cells (3—5). Serial culture passage 237 was
used. Each bottle, containing an initial in-
oculum of 150,000 cells in 10 ml of EM 15A
(3, 49 medium was cultured for 10 to 11
days. No inducers of differentiation were
added to cultures. Cells were harvested,
counted, and adjusted to 105ml of spent
media. Smears, made by use of a cytocen-
trifuge, were processed as follows: stained
with May—Griinwald —Giemsa for general
morphology, Lepehne peroxidase reaction
for hemoglobin, and Graham—Knoll per-
oxidase reaction for general differentia-
tion as described in the Sandoz Atlas of
Hematology. For comparison, the ben-
zidine-peroxidase-H,0, methods for the
detection of hemoglobin in tissue sections
(6) was also used because it was very sensi-
tive to detect small amounts of intracellular
hemoglobin. In addition, the histozyme and
histochrome methods (Sigma Chemical
Co., St. Louis, Mo.) were also used. This
included the following kits: leukocyte
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peroxidase with p-phenylenediamine-cath-
ecol H,0, (bulletin 390); naphthol AS-D
chloroacetate and a-naphthyl acetate es-
terases (90); alkaline (85) and acid (386)
phosphatases; Sudan black B II (380), and
periodic acid—Schiff (PAS) system (395).
Cell viability was determined by the trypan
blue dye exclusion technique as described
previously (7). The nature of the hemoglo-
bins synthesized by K-562 cells was
analyzed by isoelectric focusing (8). Ly-
sozyme was determined in the spent media
and cell pellets, disrupted by sonic vibra-
tions, by a radial diffusion assay (Quan-
tiplate lysozyme test kit, Kallestad Inc.,
Chaska, Minn.).

Results. The number of cells increased
between 65 and 72 times in 10 to 11 days
continuous culture and nearly all (95-98%)
cells were viable. There were 9.75 and 10.8
x 108 cells on Days 10 and 11 of culture,
respectively. Cells were in a stationary
phase of growth by the 9th day in culture
and no differentiation was observed prior to
the 10th day in culture. The great majority
of cells have similar structural features.
Examinations of smears stained with
May—Griinwald —Giemsa revealed two
well-defined elements: intact cells and very
few cells in degeneration. Intact mononu-
cleated cells (70—80%) alternated with
binucleated cells (8—10%) and highly
polyploid cells (5—8%). All intact cells had
unstained vacuoles in the region corre-
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sponding to the Golgi apparatus and from
two to six bizarre nucleoli. Typical and
atypical mitoses diminished with the time in
culture. The peroxidase reaction for hemo-
globin demonstrated benzidine-positive
material limited to the region of the Golgi
apparatus (Table I; Fig. 1A) of the large
blasts with undifferentiated nuclei contain-
ing two to six nucleoli. However, there
were no intermediate forms such as nor-
moblasts or terminal differentiation into re-
ticulocytes and/or erythrocytes. A band
could be identified by isoelectric focusing in
the region corresponding to hemoglobin
Bart.

The majority of the cells gave a strong
reaction for a-naphthyl acetate esterase
typical (fluoride sensitive) of the monocytic
series while other cells have abundant red
cytoplasmic granules characteristic of
naphthol AS-D chloroacetate esterase in
granulocytic precursors. When the com-
bined method for both a-naphthyl acetate
and naphthol AS-D chloroacetate esterases
was applied to the same smears, a relatively
large number of cells had coarse black and
fine bright red granules, thus confirming the
presence of both esterases (Fig. 1B) in
progenitors common to both monocytes
and granulocytes. The differentiation into
early precursors of the monocytic—gran-
ulocytic series was further assessed by
myeloperoxidase activity. (Table I; Fig.
1C). Occasionally, an almost typical neu-

TABLE 1. SPECIFIC MARKERS DETECTED IN THE PLURIPOTENTIAL LEUKEMIA CELL LINE, K-562

Observed
Reaction Marker Expected cell series (Range)
Lepehne peroxidase benzidine Hemoglobin Erythrocytic 6—-14
a-Naphthylacetate® Esterase Monocytic 80-90
Naphthol AS-D chloroacetate Esterase Granulocytic 30-40
a-Naphthylacetate and Naphthol
AS-D chloroacetate Esterases Monocytic—granulocytic 35-44
Graham—Knoll
Peroxidase —Benzidine Myeloperoxidase Granulocytic (strong) 5-12
Monocytes (weak)
Naphthol AS-B1 phosphoric acid  Acid phosphatase (A) Monocytic and T-derived cells 90-100
plus tartrate Acid phosphatase (B) T-derived cells (ALL) 16—20
B-derived cells (HCL)
Sudan black B Phospholipids Paralleled Graham—Knoll 80-90

Peroxidase reaction

Note. Percentages are ranges rounded to the nearest unit obtained by counting 10* cells from five cultures.
ALL, acute lymphoblastic leukemia; HCL, hairy cell leukemia.

@ Fluoride sensitive.
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Fic. 1. Composite photograph of K-562 cells cultured for 11 days. (A) The benzidine-positive
hemoglobin appeared as aggregates in the region of the Golgi apparatus of undifferentiated erythroid
precursors. (B) Combined reactions for a-naphthyl (coarse granules) and naphthol AS-D chloroacetate
(fine granules) esterases usually found in cells of monocytic and granulocytic series, respectively. (C)
Blasts with tightly packed granules of myeloperoxidase and very small vacuoles demonstrating early
progenitors of the granulomonocytic series. There is no myeloperoxidase in the region of the Golgi
apparatus (arrow). (D) Strong acid phosphatase reactions in a large polyploid and small
myelomonocytic cells. The enzyme is largely concentrated in the Golgi zone even though scattered
spots appear throughout the cytoplasms. Original magnification was 1000x. For more details see text.

trophil or eosinophil with coarse perox-
idase-positive granulation was seen. As
may be expected, monocytic precursors
had coarse black granulation when stained
with Sudan black B II. The strong acid
phosphatase activity (Fig. 1D) markedly
diminished when sodium tartrate was added
to the reagents. No alkaline phosphatase
could be demonstrated. While few cells
display a faint PAS reaction (monocytic

precursors) in the form of small granules,
the majority of the cells (granulocytic pre-
cursors) have a deeply red positive reaction
as demonstrated by the accumulation of
coarse PAS-positive material.

Positive controls made up of peripheral
blood cells from a normal individual were
run simultaneously. Neutrophils were
strongly positive for AS-D chloroacetate
esterase, myeloperoxidase, and alkaline-
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phosphatase. Eosinophils contained high
myeloperoxidase activity and a low con-
centration of AS-D chloroacetate esterase.
The Sudan black reaction paralleled the
myeloperoxidase activity. Monocytes were
particularly rich in a-naphthyl esterase
which was not detectable in granulocytes.
Lymphocytes displayed a weakly positive
alkaline phosphatase activity. The PAS
reaction was strongly positive in granulo-
cytes and platelets and weakly positive in
some monocytes and few lymphocytes.

As described earlier, the myelomonocyt-
ic series were predominant in prolonged
cultures of K-562 cells even though termi-
nal differentiation rarely occurred. Thus,
atypical neutrophils, eosinophils, and
monocytes were occasionally seen. Ac-
cordingly, the search for lysozyme was
negative in cell pellets and in the spent
media.

Discussion. As reported elsewhere (2—4)
K-562 cells did not differentiate in semisolid
media although, the plating efficiency was
as high as 70%. Thus, cells obtained from
agar colonies have been consistently found
to be more undifferentiated than K-562 cells
proliferating in suspension cultures (3—35).
In view of the finding described above, we
decided to investigate the nature of K-562
blast population in liquid media. To this
end, we began to prolong the duration of
the cultures of K-562 cells beyond the
seventh day to have most cells at the steady
state rather than during exponential growth.
The cultivation of K-562 cells for 10 to
11 days in media gradually depleted of
the essential nutrients needed for cell divi-
sion induced their differentiation into early
cell precursors usually seen in the course
of CML.

Although the positive reactions described
above were consistently seen in K-562 cells
maintained in suspension cultures for 10 to
11 days, there were slight variations in the
proportional number of positive cells and
the intensity (degree) of the reactions. In
any event, the cytochemical data indicate
that numerous K-562 blasts, in a stationary
phase of growth, undergo spontaneous dif-
ferentiation to committed and even ‘‘recog-
nizable’’ precursors of the granulocytic,
monocytic, and erythrocytic series. In this
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regard, we believe that this is the first time
that the intracellular site of embryonic and
fetal hemoglobin synthesis has been seen in
very early precursors of human leukemia
cells. Previous analysis by isoelectric
focusing indicated major bands in the re-
gion of hemoglobin F and Bart’s when
K-562 cells were incubated for 8 days in the
presence of 0.05 mM hemin (8).

The presence of acid phosphatase is not
surprising since myelomonocytic leukemia
cells often react strongly (9). Moreover,
other leukemia cells such as T lympho-
blasts, that may give a moderately positive
reaction, can be excluded because T-cell
markers have not yet been found in the
K-562 cell line (3—5). The presence of
PAS-positive material is in agreement with
the glycogen seen in many K-562 cells by
electron microscopy (10, 11).

The effect of inducers, namely, hemin on
sublines derived from the original K-562
leukemia cell line have recently been re-
viewed by Koeffler and Golde (12). Thus,
some K-562 blasts are rich in glycophorin
and may be induced to synthesize em-
bryonic and fetal hemoglobin when incu-
bated with hemin. The results of our most
recent experiments indicated that by di-
minishing the amount of hemin added to
cultures of K-562 cells to 0.05 mM and
prolonging the time of incubation to 8 days,
two cell populations emerged: one synthe-
sized embryonic and fetal hemoglobins,
whereas the other did not. The great major-
ity of K-562 cells producing hemoglobin
were highly undifferentiated and did not re-
semble erythroblasts or more differentiated
erythroid cells (8). In no instance, however,
was spontaneous differentiation observed.
The results reported herein are the first evi-
dence that the original K-562 cells can
spontaneously differentiate depending on
the time in culture in the absence of in-
ducers.

Other findings indicate that sublines of
K-562 cells express fetal (i) antigen and that
the cell-surface glycoprotein profile of
these cells is distinctly different from that of
mature erythrocytes (13). The presence of
group specific granulocyte antigens (4, 14),
the isolation of a specific myelogenous
leukemia antigen (15), and the development
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of a monospecific antiserum for K-562 cells
and for cells from patients with CML (7) are
evidence that lend further support to the
myeloid characteristics of these cells. On
the other hand, the absence of T or B lym-
phocyte markers (4, 5) is an indication that
K-562 cells are probably not precursors of
lymphopoietic cells.

In conclusion, the original K-562 blasts
are multipotential hematopoietic malignant
cells that spontaneously differentiate into
recognizable progenitors of the erythrocyt-
ic, granulocytic, and monocytic series.
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