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ABSTRACT

Human chronic myelogenous leukemia cell line K-562 expresses the
bcr/c-abl fusion protein which is an active protein tyrosine kinase. Mul
tiple tyrosine-phosphorylated proteins were detected in K-S62 cells by
Â¡mmunoblotting with a high-affinity anti-phosphotyrosine antibody.
When K-562 cells were induced with hemin to progress through the
erythroid differentiation pathway, reduction in the levels of these tyro
sine-phosphorylated proteins was observed. This reduction in tyrosine-
phosphorylated proteins was not found in another chronic myelogenous
leukemia cell line which could not be induced to differentiate by hemin.
This and other observations established that the reduction in protein
tyrosine phosphorylation is a specific differentiation response. The beri
c-abl protein synthesis was reduced in hemin-treated K-562 cells. Thus,
erythroid differentiation of K-562 cells reduces the level of the bcr/c-abl
tyrosine kinase and the phosphotyrosine content of its substrate proteins.

INTRODUCTION

Human leukemia cell line K-562 was established from a
patient with CML (I).3 These blast cells contain the Philadel

phia chromosome characteristic of CML. It has been shown
that K-562 cells exhibit the characteristics of embryonic-fetal
erythroid cells (2, 3), and they can be induced to progress
through the erythroid developmental pathway by hemin. When
hemin is added to the culture media of K-562 cells, the synthesis
of hemoglobins are accelerated (4, 5). This increase in hemo
globin production is due to a 3- to 5-fold increase in the
transcription and the stability of the f-, e-, 7-, and a-globin
mRNAs (6, 7). Hemin also causes alterations in other enzymes
known to be regulated in erythroid differentiation, e.g., the
heme biosynthetic enzyme activities rise and the heme catabolic
enzyme activity falls in hemin-treated K-562 cells (8). Similar
to several other developmental systems, hemin also induces the
accumulation of a heat shock-like M, 70,000 protein in K-562

cells (9).
The Philadelphia chromosome in CML cells contains a trans

located c-abl protooncogene (10). The translocation links the
c-abl gene normally on chromosome 9 to a break point cluster
region (ber) on chromosome 22 (11). A hybrid mRNA contain
ing ber and c-abl sequences is generated from the Philadelphia
chromosome (12, 13). The hybrid bcr/c-abl gene is found in
most CML cells including some that lack the Philadelphia
chromosome (14). Thus, the altered c-abl protooncogene may
play an important role in the disease process of CML. It has
been shown that CML cells produce an altered c-abl M, 210,000
protein which contains ber- and c-ao/-encoded amino acid se-
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quences (15,16). The bcr/c-abl fusion protein contains tyrosine
kinase activity (7). Tyrosine phosphorylation of proteins has
been correlated with cellular response to proliferative signals
(18). The bcr/c-abl tyrosine kinase might be responsible for the
maintenance of the blast state of the CML cells. If so, we
reasoned that the hemin-induced differentiation of the K-562
blast cells might be linked to a decrease in the tyrosine kinase
activity. This report describes our finding that protein tyrosine
phosphorylation is reduced in hemin-treated K-562 cells and
this reduction is most likely due to an inhibition of the synthesis
of the bcr/c-abl tyrosine kinase during erythroid differentiation.

MATERIALS AND METHODS

Cell Culture and Hemin Treatment. CML cell lines were obtained
from Steve Collins, University of Washington, Seattle (19). They were
grown on HI'M I 1640 medium supplemented with heat-inactivated

fetal bovine serum (Flow Laboratories, Inc.). Hemin induction was
performed according to the protocol of Rutherford (5) and either 25 or
50 fiM hemin was used in the experiments. Briefly, cells were seeded
the day before the experiment at 2 x 105/ml in growth medium. After

24 h, a portion of the culture was collected and solubilized as described
below; this lysate was referred to as the day 0 lysate. The rest of the
culture was divided in half: hemin was added to one half (the induced
culture) and the other half was carried in parallel as the control culture.
Usually, lysates were collected from the induced and the control cultures
every 24 h. The number of hemoglobin-producing cells in each culture
was determined by benzidine staining according to the method of
Rutherford et al. (20).

Antibodies. Antibodies for phosphotyrosine were affinity-purified as
described previously (21). Monoclonal anti-oW antibodies were pre
pared by Hanna Kupfer, University of California, San Diego. One of
these monoclonal antibodies, 8E9, was purified from ascites fluid by
DEAE-cellulose chromatography. Polyclonal unti-uhl antisera were
isolated as described previously (21). Immunoglobulins were purified
from the antisera or from normal rabbit sera by affinity chromatography
with protein A-Sepharose (Pharmacia Fine Chemicals). Antibodies for
the human (ir mieroglobulin were purchased from Accurate Chemical
& Scientific Corp.

Preparation of Cell Lysates and Immunoblotting. Cells were washed
twice with PBS plus 25 /Â¿MNa3 VO4 and then solubilized at 2 x IO7
cells per ml in SDS sample buffer (67 mM Tris-HCl, pH 6.8, 10 mM
EDTA, 2% SDS, 10% glycerol, 0.3% 2-mercaptoethanol, 0.03% bro-
mophenol blue) at I()()"( for 5 min. Proteins in the cell lysates (25 pi)

were electrophoresed on 7.5% polyacrylamide SDS gels and transferred
onto 0.45-Mm nitrocellulose niters (Schleicher & Schnell, Inc.) in 25
mM Tris/19 mM glycine/0.1% SDS plus 20% methanol at 1.5 A for 45
min at room temperature with a Hoefer heat-exchange manifold. Filters
were preincubated in Tris/NaCl buffer (50 mM Tris-HCl, pH 7.5/150
mM NaCl) with 3% BSA (fraction 5, Boehringer Mannheim Biochem-
icals) overnight at room temperature. Either anti-Ptyr antibody (at 0.3
Mg/ml) or monoclonal anti-aW antibody, clone 8E9 (at 1 Mg/ml) in
Tris/NaCl buffer/3% BSA was added to the filters for 3 h at room
temperature. After washing extensively with 0.2% Nonidet P-40 in
Tris/NaCl buffer, [125I]protein A (>30 /iCi/jtg; ICN) at 1 /tCi/ml in
Tris/NaCl buffer/3% BSA was added for 1 h. When monoclonal anti-
ahl antibody was used, [I2sl]protein A was precoupled to rabbit anti-
mouse antibodies (Accurate Chemical & Scientific Corp.) at an equi-
molar ratio and then used on the filters. Excess [125I]protein A was
removed by washing with Tris/NaCl buffer plus 0.2%, Nonidet P-40
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and the niters were then autoradiographed with an intensifying screen
at â€”80*C.Autoradiography was at room temperature without screens

when the films were used for densitometry.
Pulse Labeling with |35S|Methionine and Immunoprecipitation. K-562

cells were collected and washed twice with PBS and then 2 x IO7cells
were incubated at 37Â°Cfor l h in 1 ml methionine-free Minimal

Essential Medium (Flow Laboratories, Inc.) containing 10% dialyzed
bovine calf serum (Irvine Scientific) plus 100 /iCi/ml [3!S]methionine

(ICN). The labeled cells were collected and washed twice with cold PBS
and then lysed in 1 ml IP lysis buffer (SO HIMTris-HCl, pH 8, 10 tn.M
EDTA, 1 mM ethylene glycol bis(0-aminoethyl ether)/vyv"-tetraacetic

acid, 1% Triton X-100, 0.5% deoxycholate, 0.1% SDS, 100 mM NaCl,
25 lÃMNa3 VO4, 2 HIM phenylmethylsulfonyl fluoride, 0.5 trypsin
inhibitory units/ml aprotinin, and 250 /jg/ml BSA). Radiolabeled ly-
sates were precleared with formaldehyde fixed Staphylococcus aureus,
and the cleared supernatant was incubated with the appropriate anti
body for 6 h at 4Â°C.Immunocomplexes were collected onto formalde

hyde-fixed 5. aureus, and the pellets were washed 3 times each with 1
ml IP buffer plus 0.5 M NaCl, 0.1 M NaCl, or no additional NaCl, in
that order. The washed pellets were solubilized in 67 mM Tris-HCl, pH
6.8, 10 mM EDTA, 2% SDS at 100'C for 5 min, and the supernatant

was diluted 10-fold with IP lysis buffer. This diluted supernatant was
again incubated with antibodies as in the first round of immunoprecip-
itation. Immunocomplexes were again collected onto formaldehyde-
fixed S. aureus, the final washed pellets were solubilized in SDS sample
buffer at 100'C for 5 min, and the proteins were analyzed by SDS-

polyacrylamide gel electrophoresis as described previously (22).

RESULTS

Tyrosine Phosphorylated Proteins in K-562 Cells. The steady-
state levels of Ptyr proteins in K-562 cells were determined by
immunoblotting of total cellular proteins with an antibody
specific for phosphotyrosine (21, 23). Immunoblotting detected
several Ptyr proteins with molecular weights of 210,000,
155,000, 120,000, 98,000, and 95,000 (Fig. \b, lanes 1 and 2),
which were presumably the substrates of the bcr/c-abl tyrosine
kinase because they were only found in CML cell lines such as
K-562 and KCL-22. Using antibodies against azobenzophos-
phonate, an analogue of phosphotyrosine, Naldini and cowork
ers have also identified several Ptyr proteins in K-562 cells and
they have molecular weights of 210,000, 110,000, 68,000,
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Fig. 1. Tyrosine-phosphorylated proteins and c-aW-related proteins in K-562
cells. Lane I, total cell lysate prepared by direct solubilization in hot SDS as
described in "Materials and Methods"; lane 2, cell lysate prepared by solubiliza

tion in IP lysis buffer and left on ice during the time of immunoprecipitation to
show that there was no loss of tyrosine-phosphorylated proteins during imnui-
noprecipitations; lane 3, proteins immunoprecipitated with normal rabbit IgGs;
lane 4, proteins immunoprecipitated with Â¡inti-uA/polyclonal antibodies. Two
identical filters of the above samples were immunoblotted with either monoclonal
anti-aW antibody (a) or ami Ptyr antibodies (b). Immunoprecipitation, immuno
blotting, and preparation of cell lysates were as described in "Materials and
Methods." .VÃ•,5(1.000 band in lanes 3 and 4. rabbit IgG which reacted with |'"!]

protein A. kd, molecular weight in thousands.

60,000, and 36,000 (24). Their anti-azobenzophosphonate an
tibodies did not react with the Mr 155,000 and 120,000 proteins
that we have found in our immunoblots. A faint M, 68,000
band could be found upon longer exposure of our immunoblots
but the anti-Ptyr antibodies we have purified do not react well
with the Mr 36,000 protein (21).

The major Ptyr protein with a molecular weight of 210,000
is the bcr/c-abl protein itself. This was demonstrated by im
munoprecipitation of K-562 cell lysates with anti-uW polyclonal
antibody followed by hybridization of the immunoprecipitated
proteins with antibody for phosphotyrosine or monoclonal anti-
abl antibody. As shown in Fig. 1, the A/r 210,000 bcr/c-abl
protein and the A/r 137,000 normal c-abl protein were specifi
cally precipitated by the polyclonal anti-aÂ¿>/antibody and they
both reacted with a monoclonal anti-ad/ antibody in immuno
blotting (Fig. la). On the other hand, only the Afr 210,000 but
not the M, 137,000 protein reacted with anti-Ptyr antibody
(Fig. Ih). This result indicated that the normal c-ahl protein
with a molecular weight of 137,000 is not a substrate for the
bcr/c-abl tyrosine kinase in CML cells.

Effect of Hemin on Tyrosine-phosphorylated Proteins. When
K-562 cells were cultured in the presence of hemin to induce
erythroid differentiation, the levels of Ptyr proteins were re
duced. The reduction was observed for all of the Ptyr proteins
shown in Fig. 1. A time course of hem in-induced decrease of
the tyrosine-phosphorylated bcr/c-abl protein is shown in Fig.
2. These were the results of 5 separate experiments. The earliest
reduction, of approximately 30%, could be seen after a 6-h
incubation with hemin. The decrease usually leveled off after 3
days and a residual amount of about 15% of the original Ptyr
level always remained. In parallel control cultures, reduction of
Ptyr proteins was also observed with time in culture (Fig. 2).
The decrease of Ptyr proteins in cultures without hemin oc-
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Fig. 2. Effect of hemin on the level of tyrosine phosphate in the M, 210,000
bcr/c-abl protein. Lysates of cells from the control (â€¢)or induced (â€¢)cultures at
the given days were prepared and extracts from the same numbers of cells were
immunoblotted with anti-Ptyr antibodies (see "Materials and Methods"). Level

of phosphotyrosine in the M, 210,000 protein in these lysates was determined by
densitometer tracing of the band on immunoblots exposed at room temperature
without intensifying screens. Ptyr levels were then normalized to that found in
the day 0 culture from which the control and the induced cultures were derived
(see "Materials and Methods"). Results of S independent experiments are pre

sented.
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curred after 48 h and in all the experiments the level of Ptyr
proteins was lower in hemin-treated cells than in the control
cells. The reduction of Ptyr proteins in the control cells was
most likely due to the decrease of cell growth as they ap
proached saturation density, as dilution of saturated culture
into fresh medium caused an increase in these Ptyr proteins.
The reduction induced by hemin, however, was not correlated
with growth rate. The hemin concentration used in the experi
ments (25 MM)did not affect the growth of K-562 cells (9, 25)
yet it caused an immediate reduction in the levels of Ptyr
proteins. Several agents that inhibited the growth of our K-562
cells, e.g., hydroxyurea and 12-0-tetradecanoylphorbol-13-ace-

tate, but did not induce hemoglobin production had no effect
on the Ptyr protein levels within 24 h. Variations in the extent
of the reduction of Ptyr proteins in hemin-treated cells could

be correlated with the extent of induction as indicated by the
number of hemoglobin-positive cells in different experiments.
In general, the more benzidine-positive cells there were in the
culture, the lower was the Ptyr level. However, there was no
one-to-one correlation between the level of Ptyr proteins and
the exact number of benzidine-positive cells. These results

indicated that the reduction of Ptyr protein and the accumula
tion of hemoglobin are independent responses of the K-562

cells to the same differentiation signal.
The effect of hemin on the Ptyr proteins was not observed in

KCL-22 cells, another CML cell line (Fig. 3b). In our experi
ments KCL-22 cells could not be induced to produce hemoglo
bin by treatment with hemin. These results indicated that hemin
itself had no direct effect on protein tyrosine phosphorylation
and the reduction of Ptyr proteins in K-562 cells was linked to

the erythroid differentiation of those cells.
As reported by Singh et al., hemin can induce the production

of an M, 70,000 heat shock protein in K-562 cells (9). We also

observed the induction of this M, 70,000 protein which was
easily detected on SDS gels stained with Coomassie blue in our
experiments (not shown). However, the induction of the M,
70,000 protein by heat shock (39Â°C,24 or 48 h) did not result

in any detectable changes in the Ptyr protein levels. This result
showed that the reduction in Ptyr proteins was not a side effect
of the induction of heat shock proteins.

(a)

kd

210-

155-

120-

0123 3 R

(b)

kd

210-

155-

120-

0123

60-

Fig. 3. Reversibility and specificity of the hemin effect on protein tyrosine
phosphorylation. Lysates of K-562 cells (a) or lysates of KCL-22 cells (b) were
immunoblotted with anti-Ptyr antibodies as described in "Materials and Meth
ods." Note that both CML cells contained Ptyr proteins of similar molecular
weights except that the KCL-22 cells contained a group of 4 bands with molecular
weights around 60,000 which were not found in K-562 cells. Numbers above lanes,
days in hemin-containing medium, 0 being the day before hemin treatment. Lane
R, lysates of cells 24 h after shifting back to normal growth medium from a day-
3 hemin-culture. kd, molecular weight in thousands.

The reduction of Ptyr proteins caused by hemin treatment
was a reversible process (Fig. 3Â«).It has been shown that the
erythroid differentiation of K-562 cells is reversible, for these

cells could be maintained in 25 n\i hemin for many generations
as hemoglobin-positive cells and they reverted back to a hemo
globin-negative phono type after the removal of hemin (25). The

level of Ptyr proteins increased with time after removal of
hemin from the induced K-562 cells and within 24 h they
became comparable to the parallel control cultures (Fig. 3Â«,
lanes 3 and R). Thus, it appeared that the differentiating K-562
cells contained lower levels of tyrosine-phosphorylated proteins
than the uninduced cells and Ptyr levels increased when the
cells were relieved of the induced state.

Mechanism of Reduction of Ptyr Proteins. The reduction in
Ptyr proteins could be the result of an inhibition of the bcr/c-
abl tyrosine kinase activity or a reduction of the level of the
bcr/c-abl protein and the other Ptyr proteins. By immunoblot-
ting with monoclonal umi-uhl antibody, it was found that the
steady-state level of the bcr/c-abl protein was lower in hemin-
treated cells (not shown). Although hemin can activate the
transcription of the globin genes (6), we found no effect of
hemin on the expression of the c-ao/-related RNAs. Polyaden
ylated RNA from hemin-treated cells (day 2) and untreated
cells (day 2) were hybridized with a v-abl probe to detect the 8-
kilobase bcr/c-abl hybrid RNA and the normal 7- and 6-kilobase
c-abl RNAs (13,26) (Fig. 4a). These RNAs were also hybridized
with a human /^-microglobulin probe to detect that RNA (Fig.
4b). When normalized to the /32-microglobulin RNA in North
ern blots or RNA dot blots, no difference in the bcr/c-abl RNA
or the normal c-abl RNA was detected between the hemin-
induced cells and the control cells in 4 separate experiments.

Although the steady-state level of the bcr/c-abl hybrid RNA
was not reduced in hemin-treated cells, translation ofthat RNA
was affected. The rate of the bcr/c-abl protein synthesis was
measured by pulse-labeling cells with [3SS]methionine followed
by immunoprecipitation with anti-abl polyclonal antibodies.
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Fig. 4. Hemin has no effect on the levels of the <:â€¢Â«/>/rvlaicil RNAs in K-S62
cells. Polyadenylated RNA from I liter of control or induced cultures at day 2
were prepared by the methods described previously (27) and 10 Â«igof each RNA
was loaded on a 1% agarose gel containing formaldehyde as dÃ©naturant(27).
Northern blottings were of the standard procedures (27). Either a v-abl probe (a)
or a &-microglobulin probe (b) was nick translated and used in hybridizations.
8-kilobase RNA has been shown to be the bcr/c-abl RNA generated from the
Philadelphia chromosome (13, 26). Lanes I and .(. RNA from control cultures;
lanes 2 and 4, induced cultures. RNA from 2 independent preparations are shown.
kd, molecular weight in thousands.
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Compared to parallel untreated cultures, hemin-induced cul
tures synthesized the M, 210,000 bcr/c-abl protein at a reduced
rate (Table 1). One day after the addition of hem in. the amount
of bcr/c-abl protein made in differentiating K-S62 cells was

about 35% that of the control cells (Table 1). On day 3, the
control culture was still producing the M, 210,000 protein at
94% of the rate of day 1 culture whereas the liemin-treated

culture was only making P210 at 17% of the rate of the day 1
control cells. These results showed that hemin caused a reduc
tion in the rate of synthesis of the bcr/c-abl protein when

compared to the control cultures.
As shown in Fig. 2, the level of phosphotyrosine in P210

decreased in untreated cells after 2 days in culture. By ininin
noblotting with monoclonal ant i-Â«Wantibody, it was found that

the reduction in Ptyr level of the P210 protein was due to a
decrease in the level of the P210 protein in control cultures as
they reached saturation density. Since the rate of P210 synthesis
in day 3 control cells was maintained at 94% of the level of the
day 1 culture (Table 1), the reduction of the steady-state level
of the P210 protein must be due to a more rapid degradation
of that protein in aged cells.

Hemin did not appear to affect the tyrosine phosphors hit ion
of the bcr/c-abl protein because the relative rate of M, 210,000
protein synthesis was in good agreement with the relative
amount of phosphotyrosine found in that protein at steady state
in hemin-induced cells (Table 1). The simplest interpretation
of that observation is that hemin only affected the synthesis of
the M, 210,000 protein but did not alter its tyrosine phospho-
rylation. By immunoprecipitation of the [35S]methionine-la-
beled P210 with anti-Ptyr antibody, it could be shown that the
newly synthesized bcr/c-abl protein was tyrosine phosphoryl-
ated in both control and hemin-induced cells (Fig. S, a and h.
lane 3). The ratio of the amount of labeled M, 210,000 protein
immunoprecipitated by the anti-aW versus the anti-Ptyr anti
body was similar in the control cells and the hemin-induced
cells (Fig. 5, a and h, lanes 1 and 3). This result indicated that
although differentiating K-562 cells produced less bcr/c-abl

protein, that protein was tyrosine phosphorylated as efficiently
as that made in the control cells. It is reasonable to assume that
the phosphotyrosine present on the newly synthesized P210
was generated by the autophosphorylating activity of that pro
tein because P210 was the only newly synthesized protein to
contain a significant amount of phosphotyrosine. Thus, hemin
appeared to have no inhibitory effect on the autophosphoryla-
tion activity of the bcr/c-abl protein.

The decrease in the translation of the bcr/c-abl RN A was not
due to a general inhibition of protein synthesis in hemin-treated
cells. The total amount of [35S]methionine incorporation in
hemin-treated cells was comparable to that of control cells in
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Fig. 5. Specific reduction of bcr/c-abl protein synthesis in hemin-treated K-
562 cells. Day-2 hemin-induced culture (a) or control culture (b) were pulse
labeled with ("Sjmethionine and immunoprecipitated as described in "Materials
and Methods." Amount of trichloroacetic acid-precipitable counts were deter

mined for each labeled cell lysate and equal numbers of counts from the induced
or the control cell lysates were immunoprecipitated with polyclonal ami Â«W
antibodies. After the first immunoprecipitation, the samples were evenly divided
into 4 tubes and immunoprecipitated the second time with: lane I. anti-aW
antibodies; lane 2, anti-a/W antibodies plus purified \ ahi antigen (21). Bands
present in lane 2 were background bands of which one comigrated with the M,
137,000 normal c-abl protein. Lane 3, immunoprecipitation with affinity-purified
anti-Ptyr antibodies; lane 4, anti-Ptyr antibodies plus 40 mm phosphotyrosine. c,
immunoprecipitations with the anti-ft-microglobulin antibodies. Labeled cell
lysates were immunoprecipitated with either normal rabbit IgGs (lanes 5 and 7)
or rabbit anti-human-tÂ¡2-microglobulin antibodies (lanes 6 and 8). Position of the
M, 12,000 (J2-microglobulin band is marked. Again identical number of counts
were used for each immunoprecipitation. Lanes S and 6 were from hemin-induced
cell lysates and lanes 7 and * were from control cell lysates. kd, molecular weight
in thousands.

Table I Effect of hemin on the synthesis and the phosphotyrosine content
of the bcr/c-abl protein

Day 1 and day 3 control and induced cells were generated as described in
"Materials and Methods." Half of each culture was solubili/ed in SDS and
immunoblotted with anti-Ptyr antibodies to measure the level of phosphotyrosine
in the M, 210,000 bcr/c-abl protein. The other half of each culture was pulse
labeled with [35S]methionine followed by immunoprecipitation to determine the

rate of synthesis of the M, 210,000 protein. Quantitation was by densitometer
tracing of bands on autoradiograms. The level of ["S ] incorporation or phospho

tyrosine of the day 1 control culture was set at 100%.
% of ["Sjmethionine

inP210Day1

3Control100 94Induced3517%

of Ptyr inP210Control100

43Induced35 27

all of our pulse-labeling experiments. Although it was not
possible to examine the rate of synthesis of the other tyrosine-
phosphorylated proteins, the fact that general protein synthesis
was not affected in hemin-treated cells suggested that perhaps
not all of the Ptyr protein synthesis was reduced by hemin. The
rate of synthesis of ft-microglobulin was found to be the same
in both control and hemin-induced cells (Fig. 5c). The transla
tion of the Mr 137,000 normal c-abl protein was also not
affected by hemin treatment as seen in the same immunopre
cipitation in which an inhibition of the bcr/c-abl protein syn
thesis was observed (Fig. 5, a and b). Inhibition of the synthesis
of the bcr/c-abl protein was readily reversible when hemin was
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removed from K-562 cells similar to the reversibility found by
immunoblotting with the anti-Ptyr antibody.

DISCUSSION
Human K-562 cells contain several tyrosine-phosphorylated

proteins which were detected by antibodies for phosphotyro-
sine. These Ptyr proteins are found specifically in cell lines
expressing a bcr/c-abl hybrid protein generated from the ab
normal Philadelphia chromosome. It has been demonstrated
that the bcr/c-abl protein is an active tyrosine kinase (17). Thus,
the tyrosine phosphorylation of these proteins is most likely
due to the tyrosine kinase activity associated with the bcr/c-abl
protein. The steady state Ptyr levels of these proteins were
reduced when K-562 cells were induced to differentiate by
hemin. We found that in differentiating K-562 cells the synthe
sis of the bcr/c-abl protein was partially inhibited. Inhibition of
the bcr/c-abl protein synthesis could be the cause of the reduc
tion in Ptyr levels in differentiating K-562 cells.

Reduction in the rate of bcr/c-abl protein synthesis in differ
entiating K-562 cells is a specific event because there is no
general reduction in the incorporation of [35S]methionine and
the synthesis of the normal c-abl protein or the fo-microglobulin
protein is not affected by hemin. Analysis of the bcr/c-abl hybrid
cDNA has demonstrated that it differs from the normal c-abl
RNA on the 5' ends. In the processing of the bcr/c-abl hybrid
RNA, the normal 5' exons of c-abl RNA are replaced with

exons from the ber gene (12,13). Since translation of the normal
c-abl RNA is not affected by differentiation, the inhibition of
bcr/c-abl translation could be mediated by the ber sequences.
The function of the ber gene is currently not understood. It is
possible that translation of the normal ber protein is under the
regulation of erythroid differentiation and the reduction of the
bcr/c-abl protein is a reflection of that normal regulation. This
would mean that the reduction of protein tyrosine phosphoryl
ation is a fortuitous side effect of a regulation which is designed
to alter the level of the ber gene product but not of a tyrosine
kinase. The fact that hemin did not affect the apparent auto-
phosphorylation activity of the bcr/c-abl protein supports this
interpretation.

Although hemin does not appear to inhibit the tyrosine kinase
activity of P210, the possibility that protein tyrosine phospho
rylation might influence differentiation cannot be ruled out. K-
562 cells have been shown not to undergo terminal differentia
tion in culture, i.e., its erythroid differentiation is reversible
(25). As we have found that P210 remained at a low but
detectable level in hemin-treated K-562 cells, it is possible that
the residual tyrosine kinase activity prevents irreversible com
mitment of K-562 cells to terminal differentiation. Another
CML cell line, KCL-22, did not respond to hemin under our
culture conditions. These CML cells contained several of the
Ptyr proteins found in K-562 cells and a group of 4 Ptyr proteins
with molecular weights around 60,000 which are not found in
K-562 cells. It is possible that the developmental lineage of a
given CML cell line dictates which substrate proteins are avail
able to the bcr/c-abl tyrosine kinase. Tyrosine phosphorylation
of certain substrate proteins might override the signals for
differentiation.
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