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NEOPLASIA

Protein kinase C inhibitor enzastaurin induces in vitro and in vivo antitumor
activity in Waldenström macroglobulinemia
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Waldenström macroglobulinemia (WM) is
an incurable lymphoplasmacytic lym-
phoma with limited options of therapy.
Protein kinase C� (PKC�) regulates cell
survival and growth in many B-cell malig-
nancies. In this study, we demonstrate
up-regulation of PKC� protein in WM us-
ing protein array techniques and immuno-
histochemistry. Enzastaurin, a PKC� in-
hibitor, blocked PKC� activity and
induced a significant decrease of prolif-
eration at 48 hours in WM cell lines (IC50,
2.5-10 �M). Similar effects were demon-
strated in primary CD19� WM cells, with-

out cytotoxicity on peripheral blood
mononuclear cells. In addition, enza-
staurin overcame tumor cell growth in-
duced by coculture of WM cells with bone
marrow stromal cells. Enzastaurin in-
duced dose-dependent apoptosis at 48
hours mediated via induction of
caspase-3, caspase-8, caspase-9, and
PARP cleavage. Enzastaurin inhibited Akt
phosphorylation and Akt kinase activity,
as well as downstream p-MARCKS and
ribosomal p-S6. Furthermore, enzastaurin
demonstrated additive cytotoxicity in
combination with bortezomib, and syner-

gistic cytotoxicity in combination with
fludarabine. Finally, in an in vivo xeno-
graft model of human WM, significant
inhibition of tumor growth was observed
in the enzastaurin-treated mice (P � .028).
Our studies therefore show that enza-
staurin has significant antitumor activity
in WM both in vitro and in vivo, providing
the framework for clinical trials to im-
prove patient outcome in WM. (Blood.
2007;109:4964-4972)
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Introduction

Waldenström macroglobulinemia (WM) is a low-grade lymphoplasma-
cytic lymphoma characterized by bone marrow infiltration with the
malignant clone and symptoms related to hyperviscosity due to elevated
immunoglobulin M protein in the circulation.1,2 Current treatment
options in WM include alkylating agents (eg, chlorambucil), nucleoside
analogues (cladribine or fludarabine), and the monoclonal antibody
rituximab.3,4 However, WM remains incurable, and most patients
eventually relapse, with a median overall survival of 5 to 6 years.
Response rates in relapsed/refractory patients are 30% to 40%, with a
median duration of response of only one year. In addition, most agents
used in the treatment of WM have been used due to their activity in other
lymphoplasmacytic disorders, and without preclinical studies showing
specific activity in WM. Therefore, there is an urgent need for the
development of rationally designed novel therapeutic agents targeting
aberrant molecular pathways in WM.

The serine-threonine protein kinase C (PKC) family is composed of
at least 11 members that mediate multiple physiological functions
including differentiation, growth and survival, invasiveness, and angio-
genesis.5 Dysregulation of PKC signaling pathways has been implicated
in tumor progression, notably B-cell lymphoma.6 Specifically, PKC�
mediates growth and survival of diffuse large B-cell lymphoma,7 cell
proliferation in chronic lymphoid leukemia,8 as well as migration and
cell growth in multiple myeloma.9

Enzastaurin an acyclic bisindolylmaleimide, is a PKC�-
selective inhibitor. Enzastaurin suppresses not only PKC signaling,

but also the PI3 kinase/Akt pathway, cascades that mediate
tumor-induced angiogenesis, as well as tumor cell survival and
proliferation.10,11 Enzastaurin also inhibits vascular endothelial
growth factor (VEGF)–induced angiogenesis in animal models,
suggesting that it suppresses tumor growth through multiple
mechanisms.12 Enzastaurin is currently being tested in phase 2
clinical trials in pancreatic, colonic, and non–small cell lung
carcinoma, as well as in phase 3 clinical trials for the treatment of
refractory glioblastoma and diffuse large B-cell lymphoma.

In this study, we show that PKC� protein expression is
up-regulated in WM. Of importance, down-regulation of PKC� by
enzastaurin leads to significant inhibition of proliferation and
induction of apoptosis of WM cell lines and patient cells. Enza-
staurin inhibits phosphorylation of PKC� and induces caspase
activation and PARP cleavage, leading to apoptosis. It also
demonstrates in vivo cytotoxicity in a xenograft model of human
WM in immunodeficient mice. These preclinical studies provide
the basis for clinical trials of enzastaurin in WM.

Materials and methods

Cells

The WM cell lines (BCWM.1 and WSU-WM) and IgM-secreting low-
grade lymphoma cell lines (MEC-1, RL) were used in this study. The
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