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SUMMARY: Phorbol—-12-myristate-13-acetate (PMA) is a potent tumor promoter.
However, the mechanism of its effect 1s still unknown. In the present

study we use two dimensional gel electrophoresis to show that the PMA

effect on platelets is associated with enhanced phosphorylation of a

series of polypeptides at 44K which migrate close to but distinct from a
previously reported 47K protein. We identified these proteins as the

class I molecules of the human histocompatibility antigens (HLA A,B). We
further demonstrate that the PMA effect is also assoclated with a dramatic
phosphorylation of HLA antigens in HL-60 leukemic cells and in human lympho-
cytes, showing that an increase in phosphorylation of HLA antigens is inti-
mately related to the signal of PMA in various cellular systems. Immunopre-
cipitation of HLA proteins resulted in coprecipitation of phosphorylated myosin
1ight chain (20K). HLA antigens are transmembrane proteins which interact with
cytoskeletal elements, probably via their intracellular region, which has been
previously shown to be phosphorylated. It is suggested that phosphorylation of
HLA membrane proteins may represent an important mechanism in the effects
induced by PMA. © 1985 Academic Press, Inc.

PMAL has profound effects on a variety of cellular functions (review 1,
2). It has been suggested that these effects are mediated through a membrane-
aagsociated mechanism (1-4). Most significantly, treatment of intact cells with
PMA involves rapid and tight association with the plasma membrane of the puta-
tive receptor of PMA (5-8), Ca-PL-PK (3). This suggests that phosphorylation
of membrane-associated proteins might play an important role in mediation of
the PMA signal. In the present study, we used two-dimensional gel electro-

phoresis to analyze the effect of PMA on phosphorylation of proteins in human
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1ébbreviations used in this manuscript: PMA: phorbol-12-myristate-l13-acetate ;
Ca-PL-PK: CatZ activated phospholipid dependent protein kinase ; MLC: myosin
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platelets. We show that PMA enhances the phosphorylation of a series of poly-
peptides at 44K which migrate close to, but distinct from a previously reported
47K protein (9). We identified this series of 44K phosphoproteins immuno-
logically as the class T molecules of the human histocompatibility antigens
(HLA A, B). We further demonstrate that PMA effect 13 also associated with

a dramatic phosphorylation of HLA antigens in HL-60 leukemic cells and in human
lymphocytes, suggesting that an increase in phosphorylation of HLA antigens is

intimately related to the signal of PMA in various cellular systems.

METHODS :

Cell culture: Human peripheral lymphocytes (10) and platelets (ll) were pre-
pared from fresh blood of normal donors as previously described (10,11). HL-60
leukemic cells were grown in culture as described (12).

HLA immunoprecipitation: Immunoprecipitation was done with monoclonal antibody
to a framework specificity of HLA A, B and C (W6/32) as described (13,14).

Two-dimensional gel electrophoresis: Two~dimensional gel electrophoresis was
done as described (15). First dimension isoelectrofocusing gels were ampholytes
pH 3.5 to 10. Second dimension gels were 127 acrylamide. Radiography was done
between Kodak XAR intensifying screens.

RESULTS AND DISCUSSION:

In the course of studies on the mechanism of action of PMA in leukemic
cells (12,16,17,10,18) we also examined the effect of this ligand on human
platelets. This experiment (Fig. 1) revealed that in addition to the increase
of phosphorylation of MLC (20K) and pp47 previously described (9,4,19), the PMA
effect was also assoclated with a specific increase in phosphorylation of
another series of polypeptides (outlined in Fig. 1). These proteins migrate
close to, but distinct from pp47 (M, 45-44K, pI  5.3-6). Apparently this
phosphorylation event could only be distinguished from the phosphorylation of
pp47 by use of two—dimensional gel electrophoresis. The electrophoretic
mobility of this chain of polypeptides is similar to that of the proteins of
human class I HLA antigens (13,14). The HLA antigens (14,20) are trans-—
membrane glycoproteins whose intracellular region has been shown to be phos-
phorylated in vivo and in vitro at serine residue(s) in normal human lympho-

cytes and lymphoblastoid cell 1ines (21,22,23) and in mouse lymphocytes (24,25).
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Fig. 1. TIdentification of a serles of phosphoproteins at 44K, pI 5.3-6 in
human platelets as the class I HLA antigens and demonstration of an increase

in phosphorylation by PMA. Platelets were separated from human blood, washed
with phosphate-buffered saline, pH 7.4 (supplemented with EDTA, 0.5 mM), and
suspegged in Tyrode~HEPES (pH 7.4) solution (11). The platelets were labeled
with 2P0, (0.25 mCi/ml) for 60 min at 37°C, treated with PMA (5x10 "M, 30 min).
At the ené of the experiment, a small portion of the platelet sample was

lysed with iso-electrofocusing solution (12) for analysis of total phosphoproteins
by two-dimensional gel electrophoresis (15) and the rest of the sample was used
for immunoprecipitation as described (13). In brief, the platelets were spun
down and suspended in detergent lysis solution (0.01 M NaCl, 0.01 M Tris-HCl,

pH 7.4, 3 mM MgCly, 0.2 mM PMSF, 0.4%7 Triton N-101) and further homogenized

in Dounce homogenizer fitted with a tight teflon pestle (15 strokes). The
lysate was centrifuged (3,000 RPM, 4°C, S min) and stored at -80°C. Immuno-
precipitation was done with monoclonal antibody to a framework specificity of
HLA A, B and C (W6/32) as described (13,14). The immunoprecipitates were mixed
with unlabeled platelet proteins (from the same donor, to be used as internal
markers) and analyzed by two-~dimensional gel electrophoresis. Gels were auto-
radiographed for 4 days. Using the Coomassie-blue stained pattern of proteins
as internal markers it was seen that the immunoprecipitated phosphoproteins in
C and D migrate identically with the series of phosphoproteins outlined in A and
B. A: total phosphoproteins from control platelets, B: total phosphoproteins
from PMA-treated platelets, C: immunoprecipitation of HLA proteins from control
platelets, D: immunoprecipitatin of HLA proteins from PMA-treated platelets.
Arrows indicate the location of HLA proteins, pp47 and myosin light chain

(MLC).

208



Vol. 126, No. 1, 1985 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Immunoselection of HLA molecules from PO4-labeled platelets (Fig. 1)
clearly identified the chain of phosphoproteins (outlined in Fig 1A,B) with
the HLA proteins. Identical results were obtained when immunoprecipitation
of HLA proteins was done with anti- B9 microglobulin antibody (data not
shown). This further supports the identification of these proteins as the
class I HLA antigens (13).

In further kinetic studies we found that the effect of PMA on phosphory-
lation of HLA in platelets could be detected following 1 min exposure to PMA
(2-fold increase) and was further increased after 10 min exposure to PMA (3-4
fold). This suggests that phosphorylation of HLA by PMA is an early event
associated with the signal of PMA in platelets.

We further examined whether the effect of PMA on phosphorylation of HLA
antigens could be demonstrated in other cell types. We found that phosphory-
lation of HLA is dramatically enhanced in human lymphocytes (Fig. 2) and
promyelocytic leukemic cells, HL-60 (Fig. 3), following exposure to PMA. These
results clearly demonstrate that an increase in phosphorylation of HLA proteins

is intimately related to the signal of PMA in a variety of cellular systems.

HLA

M; (x 109

ML

Fig. 2. Effect of PMA on phosphorylation of HLA antigens in human lymphocytes

Lymphocytes were purified from peripheral blood as described (10),
labeled with 32pi (0.25 mCi/ml) for 2 h (26) and then exposed to PMA (10'7M)
for 30 min. At the end of the experiment the cells were spun down, lysed
and immunoprecipitation for HLA proteins was done as described in legend
for Fig. 1. A: immunoprecipitate of HLA in control lymphocytes, B: Immuno-
precipitation of HLA in PMA-treated lymphocytes.
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Fig. 3. Effect of PMA on phosphorylation of HLA antigens in HL-60 leukemic cells.

HL-60 leukemic cells (12) were washed and labeled with 32Pi, as described
(12,16) and then exposed to 1078M of PMA (30 min). At the end of the experiment
the cells were spun down, lysed and immunoprecipitation for HLA proteins was
done as described in legend for Fig. 1. A: Immunoprecipitation of HLA in
control HL-60 cells, B: Immunoprecipitation of HLA in PMA-treated HL-60 cells.
Arrows indicate the location of HLA, myosin light chain (MLC) and 2 other
proteins that were coprecipitated together with HLA antigens.

An observation of importance is that myosin light chain was coprecipitated
with HLA proteins in PMA-stimulated platelets (Fig. 1) as well as in HL-60 cells
(Fig. 3) and lymphocytes (Fig. 2). The specificity of this event is shown by
the fact that other major platelet phosphoproteins and especially the heavily
labeled pp47 (or other major leukocyte phosphoproteins) were not precipitated
together with HLA proteins.

It is noteworthy that in HL-60 cells but not in the normal cellular systems
two other proteins were coprecipitated with HLA. The identity of these proteins
is currently being investigated. Another observation assoclated particularly
with the leukemic HL-60 cells but not with the normal cellular systems (lympho-
cytes, platelets) is that significant amounts of phosphorylated MLC were
coprecipitated together with HLA even in the non-PMA-stimulated cells. Further-
more, treatment of the leukemic cells with PMA had only minor effect on the
amount of coprecipitated-phosphorylated MLC although the phosphorylation of the
HLA proteins was dramatically increased under these conditions (Fig. 3). This
i{s in agreement with our previous report (26) that PMA does not emhance the

phosphorylation of MLC in certain malignant cells such as leukemic HL-60 cells
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and A431 epidermoid carcinoma, while it does in normal cellular systems such as
platelets, lymphocytes, fibroblast and epithelial cells. The significance of

these observations should awalt further investigation.

HLA proteins have been shown to interact with the actin-myosin complex
(21,27,30). 1t has been suggested that this interaction is regulated via the
intracellular region of the HLA (27) which 1s phosphorylated (23,22). Thus,
phosphorylation of HLA proteins by the tumor promoter, PMA may induce a
change in their association with the cytoskeletal elements. Interference in
the normal assembly of cytoskeletal proteins has been reported to be associated
with the effect of tumor promoters (1,2) as well as with malignancy induced
by oncogenes (36). 1In this regard it is pertinent that PMA-induced phosphory-
lation of MLC has been shown to be associated with inhibition (rather than
activation which is induced by the physiological ligands) of actin-activated
MgATPase, suggesting that PMA may induce an of interference in the normal
interaction between actin and myosin (31). It will be of importance to
examine possible relationships between PMA effects on HLA and PMA effect on
MLC and whether these events are associated with the mechanism by which PMA

induce tumor promotion.

A question of major importance is the identity of the enzyme which is
involved in the phosphorylation of HLA by PMA. The putative receptor of PMA
is a protein kinase at 80K which depends for its activation on Ca+2 and
phospholipids (Ca-PL-PK) (5-8). Interestingly, an 80K protein was found in
the actin-rich fraction which showed an enhanced interaction with HLA antigens
(21). Exposure of cells to PMA results in disappearance of Ca-PL-PK from the
cytosol (32) and its tight association with the plasma membrane (3). This
position favors this enzyme as a possible candidate to be directly involved
in phosphorylation of the intracellular COOH-terminus of the HLA proteins.
also be involved (33). In this regard it is noteworthy that HLA proteins were
recently shown to be phosphorylated in vitro by Rous sarcoma virus kinase

(pp60V™S8TC) at a tyrosine residue (34).
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Elucidation of the precise interaction between actin-myosin complex, HLA

proteins and the protein kinases involved in their normal and abnormal inter-

action will promote our understanding of the nature of assoclation of contrac-

tile components with the plasma membrane and might also provide insight into a

biochemical mechanism involved in tumor promotion by PMA.
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