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signaling pathway which is appears to be associated
Interleukin-11 (IL-11) is a pleiotropic cytokine which with the ability of IL-11 to induce platelet maturation

regulates the growth of hematopoietic progenitor cells as well as regulate adipogenesis in preadipocytes (6).
and activates platelet maturation. Previous studies In addition, receptor activation by IL-11 couples IL-11
have shown that, IL-11 activates a set of signaling cas- signaling through the gp130 transducers to a varietycades involving the JAK/STAT and Raf/MAPK path-

of cytoplasmic proteins including the members of theways. The purpose of the current studies was to obtain
Ras/MAPK pathway (6, 7). Recently, we have demon-evidence about the possible involvement of PKC in the
strated that in human erythroleukemia K562 andIL-11 signaling pathway. Evidence presented in this
monocytic leukemia U937 cells, treatment with IL-11report suggests that IL-11 stimulates rapid PKC acti-
leads to Raf-1 and MAP kinase activation, as well asvation and markedly induces cytosolic to particulate
the induction of c-jun and c-fos expression (7)(membrane) association of alpha and beta PKC iso-

The early events following receptor activation in-forms. These findings provide preliminary evidence
clude physical interactions with a variety of cyto-that PKC may be involved in the IL-11 signaling cas-

cade. q 1997 Academic Press plasmic proteins including the protooncogene product
p21ras (8, 9). These interactions are mediated by src
homology 2 (SH2) domains, which are noncatalytic ele-
ments of about 100 amino acids found in a variety of

Interleukin-11 (IL-11) is a pleiotropic cytokine which proteins (10, 11). The association of target proteins con-
regulates the growth kinetics, of various hematopoietic taining SH2 domains with specific sequence motifs con-
progenitor cells (reviewed in Refs. 1 and 2). Originally, taining phosphotyrosines appears to constitute a key
IL-11 was identified and molecularly cloned from a pri- element in receptor tyrosine kinase signal transduction
mate bone marrow derived stromal cell line, PU-34, (10, 11).
based on its ability to stimulate the proliferation of IL- Pelicci et al (12) have characterized a protein termed
6 dependent cells (3). Recently, it has been shown that Shc that contains a SH2 domain at the C terminus.
IL-11 binds to a specific receptor which requires the Shc (p66, p52 and p46) functions as an adaptor protein
co-expression of the signal transducer gp130 for trans- for the signal transduction through Grb2/mSos, leading
mission of IL-11 signal into the cells (4). The gp130 to the activation of the Raf-1 signaling pathway (12).
transducer is the common component of the IL-6, leuke- Tyrosine-phosphorylated Shc proteins bind to the SH2
mia inhibitory factor (LIF), oncostatin M (OSM), and domain of Grb2 (13,14) and Grb2 associates with the
ciliary neurotrophic factor (CNTF) (5). One of the early guanine nucleotide exchange protein, mSOS, through
events during IL-11 signaling involves the activation its SH3 domains (15,16). Based on these observations
of cytoplasmic protein tyrosine kinases (6). Since the the Shc association with Grb2-mSos represents a mech-
IL-11 receptor chains appear not to contain an intrinsic anism whereby nonreceptor cytoplasmic tyrosine ki-
kinase domain, attention has been focused on kinases nases activate p21ras (16). Activated Ras binds to the
and other intracellular proteins that may interact with serine/threonine kinase, Raf-1, which functions as a
the cytoplasmic domains of the IL-11 receptor. IL-11 MAP kinase kinase kinase in some cell types (17,18).
receptor activation leads to activation of the JAK/STAT MEK kinase converge with Raf-1 on a family of dual

specificity kinases also known as MEKs (19). Activated
MAP kinase then translocates to the nucleus where it1 To whom correspondence should be addressed. Fax: (615) 327-

6442. phosphorylates several transcription factors, including
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immunoprecipitation and Western blot analysis or for further purifi-c-myc and c-jun (20,21). Several studies have shown
cation and PKC activity assays. To detect PKC isoforms by immuno-that activation of PKC by cytokines provide an alterna-
precipitation and western blot analysis, equal amount of proteins (50tive (PKC-dependent) pathway which may overlap with ug) were added to an antibody to specific PKC isoform (either alpha,

the Ras/MAPK pathway at Raf-1 through PKC-medi- beta or delta) at a protein to antibody ration of 100:1 and incubated
in eppendorf tubes for 4 hr at 47C on a rotating shaker. The pelletated Raf-1 phosphorylation (22, 23). And yet, it is possi-
was obtained by microcentrifugation at 14,000 x g for 5 min and addedble for PKC to directly translocate to the nucleus upon
to protein A agarose matrix followed by further incubation for 2 hr.activation leading to proliferative response (23). There-
The pellet was collected as indicated above, washed three times in

fore, it important to elucidate the possible involvement the lysing buffer and solubilized in SDS-gel sample buffer for analysis
of PKC in IL-11 signaling mechanisms. by PAGE (26). The western blots (27) were probed with specific anti-

bodies to PKC isoforms and developed with secondary antibody (IgG)In our preliminary studies, we noted that IL-11 stimu-
followed by detected with ECL detection reagent.lates proliferation in both human erythroblastic K562

Assay of PKC activity. To obtain partially purified PKC enzymeand monoblastic U937 cells. Since PKC plays an essen-
for assays, the cytosolic and particulate (membrane) fractions weretial role in proliferative response mechanisms induced
applied to Hi-Trap Q DEAE-sepharose columns (Pharmacia) equili-by mitogens including PMA, growth factors and cyto- brated in lysing buffer. The bound material was washed with 3 vol-

kines (24, 25), it was important to investigate whether umes of lysis buffer and PKC activity was eluted from the columns
PKC is involved in IL-11R signaling. Here, we report by batch process with lysis buffer containing 150 mM NaCl. The

eluant was assayed immediately for PKC activity as detailed below.that IL-11 stimulates rapid cytosolic to particulate
The PKC assay mixture (100 ul) contained 20 mM Tris/HCl (pH, 7.4),(plasma and nuclear membrane) translocation and acti-
5 mM MgCI2, 1 mM CaCl2, 50 ug/ml PS, 0.3 ug/ml diolein, 20 uMvation of PKC, detectable within 60 min. Western blot unlabeled (cold) Mg2ATP, histone H1 (1 mg/ml) and 50 uCi [32P]-

analysis revealed that the alpha and beta isoforms of gammaATP. Aliquot (10 or 20 ul) of partially purified PKC was added
PKC response markedly to IL-11 treatment as evidenced to initiate the reaction, which was incubated at 307C for 20 min. To

access the level of phospholipid and Ca2/-independent kinase activ-by the several fold changes in both cytosolic and mem-
ity, parallel assays were run in the absence of PS, diolein and Ca2/brane components of these isoforms in IL-11 treated
but with EGTA (2 mM) in the reaction mixture. In order to terminateK562 cells. This report provides the first evidence on the the reaction, the samples were diluted 1:2 with 40 % cold TCA con-

involvement of PKC alpha and beta and possibly delta taining 1 % sodium pyrophosphate and incubated on ice for 30 min.
Thereafter, the radiolabeled proteins were separated by filtration onin the signaling pathway mediated by IL-11.
phosphocellulose (Whatman) paper. Following extensive washing
with cold 10 % TCA, the filters were air dried and the bound radioac-

MATERIALS AND METHODS tivity was then quantitated by liquid scintillation analysis.

Human erythroleukemia K562 cells were purchased from the RESULTSATCC and maintained in 1640 medium containing 10% fetal bovine
serum (FBS) and 50 units/mL of penicillin and streptomycin. These

Activation of PKC in response to PMA and other fac-cultures were maintained in 5% CO2 atmosphere at 377C. Viability of
cells were estimated to be greater than 96% by trypan blue exclusion. tors is characterized by rapid cytosolic to membrane
Recombinant IL-11 (monocyte-derived) was obtained from Genetic
Institute (Cambridge, MA) and diluted into tissue culture medium.
Antibodies to PKC isotypes alpha, beta, delta, epsilon gamma were
obtained from Transduction Laboratories, Lexington, KY. The
[gamma-32P]-ATP was purchased from Dupont, Wilmington, Dela-
ware. ECL detection reagent was purchased from Amersham Life
Sciences, Arlington Heights, IL. Histone H1, pepstatin A, leupeptin,
aprotnin, phenylmethanesulfonylfluoride (PMSF), and EGTA, EDTA
were products of Sigma Chemicals, St. Louis, MO. All other chemi-
cals were of high grade standard laboratory reagents.

Immunoprecipitation and Western blot detection of PKC isoforms.
K562 cells (1 1 107) were untreated or treated with IL-11 (100 ng/ml)
for various periods of time. Cells were resuspended in a lysis buffer
(50 mM Tris-HCL, pH 7.4 containing 250 mM sucrose, 5 mM MgSO4,
2.5 mM EGTA, 0.1% beta-mercaptoethanol (BME), I mM PMSF and
20 ug/ml each of leupeptin and aprotinin. The cells were disrupted by
20 passages through a needle (25 guage) attached to a 1 ml syringe
whilst being maintained on ice. The fragmented cells were then centri-
fuged for 5 min at 1000 x g to obtain the nuclear pellet. The resulting
supernatant was further centrifuged for 1 hr at 100,000 x g at 47C to
separate the supernatant or soluble (cytosolic) fraction from the FIG. 1. IL-11-induced rapid translocation and activation of PKC.

K562 cells were treated with rhIL-11 (100 ng/ml) for various periodsplasma membrane-enriched particulate fraction. The particulate or
membrane bound PKC was extracted by solubilizing the particulate of time. The cell lysate was separated into cytosolic and membrane

(plasma and nuclear) fractions followed by partial PKC activity puri-fraction in the same buffer containing 0.3 % NP40 or 0.25 % Triton
X-100. The mixture was incubated on ice with shaking for 45 min to fication as indicated in materials and methods. PKC-induced incorpo-

ration of 32P into histone H1 was measured by PKC assay using 50extract the membrane-bound PKC, which was separated by centrifu-
gation at 100,000 x g as indicated above. Following protein determina- ug protein/assay followed by scintillation analysis. The data repre-

sents the mean plus S.D. of three determinations.tion by Coomassie Blue analysis, the samples were either used for
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rhIL-11. Similar but far less effect of IL-11 on delta PKC
was detected in IL-11 treated cells (data not shown).
Immunoblot analysis of time course experiments demon-
strated that IL-11 (100 ng/ml) induces rapid and marked
cytosolic to particulate (membrane) association of the
alpha and beta PKC isoforms (Fig. 3) though the effect
of IL-11 on beta PKC (Fig. 3A) was far more pronounce
than was noted for the alpha PKC (Fig. 3B). Also, the
cytosolic protein level of alpha PKC initially experienced
a slight increase in respond to IL-11 followed by a com-
plete translocation to the particulate fraction.

We also examined the effects of IL-11 on protein lev-
els of two Ca2/-independent PKC isoforms. Though
the PKC delta isoform was poorly detectable in K562
cells, the data in Fig. 3C suggests that IL-11 induces
slight cytosolic to particulate (membrane) transloca-
tion of this isoform. A low MW band corresponding to
the cleaved fragment of the delta PKC was also noted
in the particulate (membrane) fraction of IL-11 treated
cells (data not shown). In contrast, cytosolic and partic-
ulate epsilon PKC appear to be only moderately down-
regulated by IL-11 (data not shown), indicating less

FIG. 2. Dose response of IL-11 stimulated translocation of alpha response to IL-11. These findings indicate that perhaps
and beta PKC isoforms. K562 cells were untreated or treated with

the delta and epsilon PKC isoforms play less relevantvarious doses of rhIL-11 for 2 hr. Cytosolic and membrane (plasma
roles in the signaling mechanisms of IL-11.and nuclear) fractions were obtained as indicated in materials and

methods. Proteins (50 ug) from the fractions were separated on 10
% polyacrylamide SDS gels and analyzed for alpha PKC (panel A)
and beta PKC (panel B) proteins by Western blot hybridization to
specific monoclonal antibodies.

translocation and activation of PKC activity (22-24). To
determine whether IL-11 induces activation of PKC,
partially purified PKC from cytosolic and membrane
extracts of untreated and IL-11 treated cells were as-
sayed for the ability of the partially purified enzyme to
mediate Ca2//PS/diolein-dependent incorporation of
gamma 32PO4 from radiolabed ATP to histone H1. The
results in Fig. 1 suggest that rapid activation of PKC
occurs in response to IL-11 in that transient cytosolic
to particulate (membrane) translocation of total PKC
activity was detected within 15 to 30 min. Specifically,
the cytosolic PKC activity declined by 6-fold accompa-
nied by a corresponding increase in the particulate
fraction within 30 min. By 60 min however, PKC activ-
ity within the particulate fraction had returned to a
near basal level.

In order to determine which PKC isoforms were re-
sponding to IL-11 treatment, immunoblot analysis was
conducted to determine PKC protein levels in cytosolic
and particulate fractions. The data in Fig. 2 indicates
that IL-11 induces dose-dependent association of PKC FIG. 3. Time course of IL-11-induced cytosolic to membrane re-

distribution of alpha, beta and delta PKC isoforms. K562 cells werealpha and beta isoforms with the particulate (mem-
untreated or treated with rhIL-11(100 ng/ml) for various periods ofbrane) fraction. As noted, the amount of alpha and beta
time. Cytosolic and membrane (plasma and nuclear) proteins (50 ug)PKC proteins which associated with the particulate were analyzed for PKC proteins by Western blot hybridization with

(membrane) fractions increased by 14.6 and 21-fold re- specific monoclonal antibody to either beta PKC (panel A) or alpha
PKC (panel B) or delta PKC (panel C).spectively within 2 hr in cells treated with 100 ng/ml of
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