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Abstract:

Protein kinase Ce (PKCe) is a representative member of a family of novel PKC isoforms that are independent of calcium, but can be
activated by phorbol esters, diacylglycerol (DAG) and phosphatidylserine (PS). This kinase is capable of modulating crucial cell
functions, including proliferation, differentiation and survival. These activities depend on enzyme translocation to subcellular com-
partments upon binding DAG, PS or exogenous stimulators. PKCe initiates malignant transformation of cells through its effects on
the Ras/Raf/MAPK pathway and displays the greatest carcinogenic potential of all PKC isoforms. PKCe also promotes tumor meta-
static capacity and resistance to anti-cancer therapy. Overexpression of PKCe is found in numerous cancers including colon, breast,
stomach, prostate, thyroid and lung and is considered an important marker of negative disease outcome. Although overexpression of
PKCe is observed in tumors, it is not found in healthy tissues hence it has been suggested as a diagnostic marker or a putative target
for specific inhibitors used for treatment of cancer. Research on selective inhibition of PKCe is under way and diverse approaches
may become clinically applicable anti-tumor strategies. Suppression of the PKCe-encoding gene achieved through the antisense
c¢DNA, suppression of PKCe with RNAi and inhibition achieved with translocation-inhibitory peptides may provide novel treatment
strategies for cancer.
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transduction was termed the “kinome” in 2002. These
kinases are encoded by 518 genes which represent
1.7% of the human genome [55]. Kinases catalyze the
transfer of phosphate from an ATP molecule onto the
hydroxyl moieties of serine, threonine or tyrosine in
target proteins. Protein kinases are crucial signaling
molecules in regulating cellular growth, differentia-
tion, proliferation and death, embryogenesis, angio-
genesis and immunological responses. Disregulation
of protein kinase functions cause diverse pathologies,
such as cancer [46], diabetes [77], stroke [16] and
Alzheimer’s disease [87].

The discovery of protein kinase C (PKC) was re-
ported by Nishizuka et al. [67], who described an en-
zyme that was independent of cAMP but regulated by
phospholipids and calcium. The protein kinase C fam-
ily comprises at least 11 different isozymes, catego-
rized into subgroups based on structural similarities
and the ligands required for optimal activation. Con-
ventional or classical PKCs (o, BI, BII and y) are
stimulated by diacylglycerol (DAG), phospholipids,
phorbol esters and calcium; novel PKCs (J, €, 1, 0
and ) are activated by DAG and phorbol esters but
do not require calcium for functioning and atypical
PKCs (€ and 1) are insensitive to both DAG and phor-
bol esters and are calcium independent [33, 37, 42].

Various PKC isozymes are present in the same cell
and mediate specific functions. The multiple activities
of PKC in signal transduction are modulated by tar-
geting the enzymes to specific intracellular compart-

regulatory domain hinge

ments. Several PKC isozymes may be capable of
phosphorylating the same protein substrate [88]. As-
cribing individual PKC isozymes to specific cellular
functions is restricted by difficulties in developing
isozyme-selective agonists and/or antagonists [79].
The three subgroups of PKC isozymes are activated
by different mechanisms, and activated PKCs un-
dergo inactivation via phosphatase activity and the
ubiquitin-proteasome pathway [7]. Both activation
and inactivation of PKCs are regulated temporally
and spatially [88].

PKC:¢ structure and subcellular
localization

The PKCe gene, PRKCE, has been mapped to human
chromosome 2p21 [15]. PKCe is found in diverse tis-
sues including neuronal, hormonal, heart, immune,
retinal, endothelial and epidermal cells [6]. PKCs is
a linear protein molecule comprising 737 amino ac-
ids. In the molecule two functional domains can be
distinguished: a C-terminal kinase catalytic region,
which is responsible for protein phosphorylation, and
an N-terminal regulatory element that binds endoge-
nous or exogenous stimulators, such as phorbol esters.
These two domains are linked by a hinge region (Fig.
1). In the structure of the regulatory moiety of PKCe
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Fig. 1. Structure of PKCe. N — amino-terminal regulatory domain, C — carboxyl-terminal kinase catalytic domain, PS — pseudosubstrate motif,
C1, C2 -membrane binding domains, DAG - diacylglycerol, PMA — phorbol 12-myristate 13-acetate, P — phosphate group, T —threonine, S -

serine [3]
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there is a variable region 1 (V1), a pseudosubstrate or
autoinhibitory domain and membrane binding mod-
ules, called C1 and C2. The C1 domain is a target for
activators, including phospholipids, DAG, or phorbol
esters, which mimic DAG [44, 85]. In the resting
state, PKCg stays inactive due to the binding of the
pseudosubstrate motif to the catalytic site [85]. Asso-
ciation of activators with the regulatory domain
changes the protein conformation so that the autoin-
hibitory pseudosubstrate module can be removed from
the enzyme active site [66].

Region C1 contains two 50-amino acid loops rich
in cysteine, called C1A and C1B, in which cysteine
and histidine residues are arranged in a zinc finger
motif. The C1B loop expresses stronger affinity to
phorbol esters than C1A [40]. Domain Cl1 is involved
in protein-protein interactions due to the unique
actin-binding sequence (amino acids 223-228) situ-
ated between C1A and C1B [25, 44, 100], and it is es-
sential for the effects of the kinase on cellular mor-
phology. Actin filaments anchor PKCeg, promote its
recruitment to membranes and convert the kinase to
the catalytically active conformation [3, 66]. Target-
ing of PKCe to specific cellular compartments de-
pends on the type of second messenger and specific
adapter proteins involved [3]. According to data pre-
sented by Kashiwagi et al. [44], region C1B deter-
mines different patterns of PKCe translocation upon
activation by diverse lipid second messengers: arachi-
donic acid (AA) or ceramide direct PKCe to the
Golgi, and phorbol esters cooperate with either C1A
or C1B. Due to the high conformational flexibility of
the C1 domain of PKCg, its translocation to various
cellular compartments is faster than other PKCs;
moreover, the open C1 domain allows PKCe to be ac-
tivated by reactive oxygen species and other oxidative
signals even in the absence of DAG [6].

The C2 domain of PKCe lacks the acidic residues
that are essential for calcium coordination thus making
the enzyme insensitive to calcium activation [98]. This
domain mediates binding of activated PKCe to its spe-
cific receptors, the RACKSs [18, 62]. Activation of PKCe
and other novel PKCs by DAG or phorbol esters results
in its translocation from the cytosol to membranous sites
[67]. At present, there is little evidence demonstrating
which protein is a preferred substrate for various PKCs,
and several PKC isozymes may be capable of phospho-
rylating the same protein however, it is the regulatory
domain structure that determines interaction partners
and subcellular localization [42, 99].

In NIH 3T3 and 3T6 fibroblasts, glial cells (C6)
and in uterine cancer (HeLaPKCeA/E), PKCe protein
was found in two isoforms, with molecular weights
87 kDa and 95 kDa (PKCe* and PKCg”). Isoform
PKCe” is characteristic of confluent cells while
PKCe" is the predominant form in adherent cells [25,
29]. NIH3T3 fibroblasts represent a cell line exten-
sively studied for the reactivity of various PKC iso-
forms. In the cytoplasm of inactive cells, PKCeg is
present in the form of small granules resembling the
endoplasmic reticulum [32]. Short-term activation
with 12-O-tetradecanoylphorbol-13-acetate (PMA)
directed PKCe mostly to the plasma membrane where
it accumulated in the region of intercellular connec-
tions and to a lesser extent in the margins of cells [32,
61] and the Golgi network [45]. Stanwell et al. [83]
demonstrated that the holo-enzyme was localized to
the Golgi and other compartments, whereas the do-
main containing a zinc-finger motif was found exclu-
sively at the Golgi. Results presented by Lehel et al.
[50, 51] suggest that both the holo-enzyme and the
zinc finger domain are capable of regulating Golgi-
related processes, such as glycosaminoglycan sulfa-
tion. PKCeg is localized mainly in the Golgi through
its C1B domain, and a short-term treatment with PMA
drives translocation to the plasma membrane [44, 45].
Our studies confirmed that in HeLaPKCeA/E cells,
which express constitutively active PKCe, the kinase
accumulated mainly in the Golgi, and upon short-term
treatment with PMA the enzyme was found primarily
in the cell membrane [29].

PKC¢ phosphorylation

Reversible phosphorylation of PKCe changes its mo-
lecular conformation and activity and affects its ca-
pacity to react to various stimulants. For an optimal
response to second signal messengers, which is de-
pendent upon C1 and C2 domains, PKCg requires
phosphorylation of three aminoacids in the protein
core: threonine 566 (Thr-566, T-566) in the activation
loop, threonine 710 (Thr-710, T-710) at the autophos-
phorylation site and serine 729 (Ser-729, S-729) in the
C-terminal hydrophobic region [13, 96]. Thr-566 is
phosphorylated by the phosphoinositide-dependent
kinase-1 (PDK1). As PDK1 expresses constant activ-
ity, it is believed that this process is regulated by the
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Fig. 2. Activation and role of PKCe in cells. ECM — extracellular matrix, o-B — integrin, CG-NAP — centrosome and Golgi localized PKN
associated protein, DAG — diacylglycerol, IP, — inositol 3,4,5-trisphosphate, PI3K — phosphoinositide 3-kinase, PIP — phosphatidylinositol
3,4,5-trisphosphate, PLC — phospholipase C, %%ACK1 —receptor for activated C kinase, Raf-1 - serine threonine- proteln kinase, Ras — proteins
involved in cellular signal transduction, ERK — extracellular signal-regulated kinases, JNK — ¢c-Jun N-terminal kinase, originally identified as the
kinase that binds and phosphorylates c-Jun kinase, MAPK — mitogen-activated protein (MAP) kinase [3]

modulation of substrate conformation and localiza-
tion. Non-phosphorylated PKCe or minimally phos-
phorylated PKCe (immature form) binds the endoge-
nous anchoring protein CG-NAP through its catalytic
domain. CG-NAP is a common adaptor for protein ki-
nases N (PKN) and A (PKA) and protein phosphata-
ses PP1 and PP2A which are found in the Golgi and
centrosome [3]. Following PKCe binding to CG-NAP,
the autophosphorylation of Thr-710 and Ser-729 likely
occurs. However, the possibility that Ser-729 is directly
phosphorylated by PKN, which modulates the PDK1
activity in concert with CG-NAP, cannot be excluded.
Lastly, the fully phosphorylated PKCe dissociates
from CG-NAP and is ready to respond to second mes-
sengers demonstrating that CG-NAP is indispensable
for effective enzyme phosphorylation [96, 97].

Mass spectroscopy studies have revealed that
the PKCe” isoform undergoes phosphorylation at
Thr-566, Ser-703 and Ser-729, whereas PKCe" is
phosphorylated only at Thr-566 and Ser-703. It is be-
lieved that phosphorylation at Ser-729 is essential for
PKCe translocation within the cell [24].
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Role of PKCzs in cellular metabolism and
carcinogenesis

Numerous cellular activities are modulated by PKCe
interaction with cytoskeletal structures, including mi-
gration and adhesion [4, 8, 17] (Fig. 2), proliferation
[5], and differentiation [74]. Gene expression [26],
transport mechanisms [43, 59], inflammation and im-
munity and secretory functions [3], and muscle me-
chanical force adaptation [56, 89] are also affected by
PKCe-mediated mechanisms. Due to the actin-binding
motif present in the C1 regulatory domain of PKCe it
is able to regulate cell growth and morphology: e.g.,
in a homeostatic nervous system, PKCe induces axon
formation during stem cell differentiation into neu-
rons [100].

The confined activation of PKCe plays a protective
role in cardiac ischemia and the Alzheimer’s disease
development; however, chronic PKCg activation may
also lead to hyperglycemia and diabetes [3, 43]. In-
creased levels of PKCe in muscles suppresses the ac-
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tivity of the insulin receptor causing a subsequent rise
in lipid storage in cells, glycogen synthesis and insu-
lin resistance [38], which results in the development
of cardiomyopathy and nephropathy [3].

In their early experiments Mischak et al. [61]
showed that overexpression of PKCe induces anchor-
age-independent cellular growth in cells not exposed
to any stimulant. Moreover, cells overexpressing
PKCe form tumors in nude mice with an incidence
rate of 100%. PKCe shows the greatest oncogenic po-
tential of the PKC family [3, 11, 37, 96] and numer-
ous reports associate excessive PKCe activation with
tumor promotion [7, 36, 37, 70] and apoptosis sup-
pression [19, 27, 54, 57, 68]. Overexpression of PKCe
was found in cancers of the colon [3], breast [63],
stomach [81], prostate [94], thyroid, lung [37], ag-
gressive gliomas [68] and hairy cell leukemia [80]. In
tumors grown in vivo, binding of actin to the C1 do-
main of PKCg is responsible for invasion and metas-
tasis [4]. In neuroblastoma cells (SK-N-BE) axon
growth can be prevented by the constitutive kinase in-
hibitor, ceramide C2 [78].

Contribution of PKCg to carcinogenesis depends
on the Ras/Raf/MAP kinase cascade, which is a well-
examined pathway of intracellular signal transmis-
sion. Activation of the Ras/Raf/MAP kinase cascade
results in the transcription of genes involved in cell
proliferation and growth. Impairment of this complex
regulatory system promotes malignant transforma-
tion, invasiveness and metastasis and suppresses
apoptosis of cancer cells [7]. Stimulation of the Ras
protein results in translocation of Raf-1 kinase from
the cytosolic compartment to the plasma membrane
where Raf-1 is activated through a set of specific ki-
nases including PKCe. Results from studies on the in-
volvement of the Ras/Raf/MAPK pathway in modula-
tion of oncogenic function of PKCe suggest that
PKCe interacts with Ras signaling downstream of Ras
but upstream of Raf-1 [7]. Two different theories have
been proposed to describe PKCe involvement in
Raf-1 activation: either PKCe directly phosphorylates
Raf-1 protein [35] or the whole process is indirectly
modulated by growth factor secretion [12, 90]. Over-
expression of PKCe was shown to increase Akt (a fam-
ily of serine/threonine kinases) protein levels and acti-
vation, which is essential for the anti-apoptotic effects
of numerous Akt phosphorylated substrates, including
caspase-9 and Forkhead transcription factors. Also, an
indirect regulation of Akt by PKCe was observed
through interactions with integrins and/or the secre-

tion of growth factors [7]. These and other studies in
vitro and in vivo confirm that both Akt and PKCeg col-
laborate to promote cell survival; however, some re-
ports suggest that the survival-promoting effects of
PKCe depend on the type of stimulus and cell type
and may be unrelated to Akt activation [7].

Anti-apoptotic ability of PKCe also depends on the
increased expression of the anti-apoptotic proteins of
the Bcl-2 family and suppression of the pro-apoptotic
members of the Bcl-2 family [7]. Additionally, over-
expression of the constitutively activated PKCg in-
creases activation of nucleophosmine (NPM), a phos-
phoprotein capable of inducing carcinogenesis [47,
48]. In human cancer cells overexpression of the
NPM gene inhibits apoptosis caused by the UV light
or hypoxia [49, 52]. Results of our studies show cor-
relation between the PKCe expression and NPM ac-
tivity in HeLaPKCe A/E cells [29].

PKCe also plays an important role in cancer inva-
siveness and metastasis which was first reported on
by Chun et al. in 1996 [17]. They examined six PKC
isoforms (a, v, €, A, C, 1) present in uterine cancer
cells (HeLa) and found that only PKCe undergoes
translocation in the process of adhesion to the gelatin
matrix. Perletti et al. [73] observed spontaneous ex-
tension of long membrane protrusions in NIH3T3 fi-
broblasts which overproduce PKCe. These changes in
cellular morphology are similar to those acquired in
the oncogene ras-transformed fibroblasts. Formation
of the elongated structures depended on an actin-
binding motif in the regulatory domain C1, which
also promoted an increase in the activity of pericellu-
lar metalloproteinase, invasion of the Matrigel barrier
in vitro and the invasion and metastasis of tumors
grown in vivo in nude mice upon inoculation with
NIH3T3 fibroblasts overexpressing PKCe [4]. Studies
on cooperation of PKCe with actin and keratin
showed that invasiveness and metastasis are affected
by PKCe-mediated phosphorylation of cytoskeletal
proteins triggering detachment and migration of can-
cer cells [4]. Additionally, PKCe was shown to induce
hypoxia, thus promoting cancer progression and con-
ferring resistance to radio- and chemotherapy [81].

In the murine model of carcinogenesis, overexpres-
sion of PKCe in the epidermis caused a rise in cyto-
kine production and release, which impaired hemato-
poiesis in bone marrow, disturbed normal proportions
of neutrophils and eosinophils and led to myelo-
proliferative-like disease [92]. Investigation of human
squamous cell carcinoma revealed that high expres-
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sion of PKCeg in epidermal tissue might create a mi-
croenvironment that enhances cancer development by
a paracrine mechanism [93].

Recently, Dittmann et al. [21] described the role of
PKCe in phosphorylation of the epidermal growth
factor receptor (EGFR), which is a key step in translo-
cation of EGFR to the nucleus, where it induces the
transcription of genes essential for cell survival after
stress exposure (e.g., irradiation). In cancer cells, acti-
vation of EGFR-mediated signaling leads to a decrease
in radiosensitization and an increase in DNA repair.

PKCc¢ as a molecular target in
the anticancer therapies

Research examining the molecular basis of carcino-
genesis and other diseases, and the subsequent inves-
tigation of pharmacological approaches to treat these
diseases, has drawn attention to PKCE as a pharma-
cological target for the treatment of various diseases.

Inhibitors of classical protein kinases C have been
investigated for their therapeutic applications for ap-
proximately 20 years and novel isozymes have re-
cently become a matter of interest to fundamental re-
search and the pharmaceutical industry. The localiza-
tion of PKCe in numerous tissues and its importance
in key cellular pathways raises the possibility of many
therapeutic strategies based on the inhibition of this
isozyme; however, activation of PKCe has been shown
to exert tissue-protective effects [37, 88].

PKCe was found to provide protection in the heart
during ischemia/reperfusion-induced damage [22].
Short-term periods of cardiac ischemia protected
heart from the prolonged episodes of ischemia and se-
lective activating of PKCe either directly or indirectly
would mediate this preconditioning. In ischemic tis-
sue, mitochondrial aldehyde dehydrogenase 2 (ALD?2)
is a direct substrate of PKCg, and modulation of
ALD2 may decrease formation of cytotoxic aldehydes
and thus reduce ischemic damage [14]. These effects
are particularly necessary during cardiac surgery with
extracorporeal circulation or prior to cardiac trans-
plant surgery [39]. In ischemic cerebral tissue, a simi-
lar protective effect of moderate PKCe activation was
found and application of yeRACK, a PKCe-specific
activator peptide conferred tolerance to cerebral
ischemic reperfusion injury [10]. Additionally, newly
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discovered PKCe activators developed through cyclo-
propanation of polyunsaturated fatty acids led to the
reduction of 3-amyloid in neuronal cells and might be
useful for the treatment of Alzheimer’s disease [65].

Studies on immune system function following in-
fection showed that PKCe is a target for bacterial
lipopolysaccharide signals, which leads to NF-xB and
MAPK activation, lymphocyte T suppression and in-
flammation development. Selective inhibition of PKCe
either by peptides or antisense oligonucleotides could
provide a therapeutic approach for the treatment of cer-
tain T-lymphocyte dependent inflammatory diseases [1].

Extensive research in the past several years has
brought about the discovery of a few short peptides
(7-12 amino acids long) capable of PKC isozyme-
selective inhibition. These peptides selectively ham-
per the interaction between activated kinases and their
specific anchoring proteins, RACKSs, and may have
potential pharmacological applications [2, 82]. An-
other set of short peptides (6—8 amino acids long) rep-
resent translocation-specific agonists due to their ho-
mology to sequences within their respective RACK
(eRACK). Single amino acid substitution was shown
to convert a PKCe-selective agonist into an antagonist
[53]. The PKCe antagonist binds to the RACK-binding
site within the PKCe molecule, whereas the previously
discovered peptide inhibitor, €V1-2, which is derived
from the C2 domain, is able to bind eERACK [53].

Diverse mechanisms lead to PKCe inhibition though
involvement of different cellular partners. It may offer
the possibility of synergy if PKCe-inhibitory peptides
(e.g., eV1-2, yRACK) find therapeutic application [53].
Translocation-inhibitory peptide €V1-2 was submitted
to clinical Phase Ila trials for patients with postopera-
tive pain [22, 98].

PKCe is centrally involved in driving cells to ma-
lignant transformation and might be a diagnostic marker
of tumorigenesis as there have been no reports showing
increased activity of PKCe in normal tissues [76].

PKCe may also be a therapeutic target for the early
stages of cancer or in suppressing cancer invasion and
metastasis. Studies on other PKC isozymes have
shown promising findings with respect to selective in-
hibition of PKC isozymes and other therapeutic appli-
cations. At present, transcriptional suppression of
PKCa with antisense oligonucleotides was shown to
exert antitumor activity in lung cancer patients. Early
clinical studies showed promising results for the an-
tisense oligonucleotide, LY900003, applied in combi-
nation with cisplatin and gemcitabine [91]; however,
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Phase III clinical trial did not confirm the superiority of
this novel therapy over the former therapeutic regimes in
non-small cell lung carcinoma patients [88, 98].

Studies on resistance to anticancer drugs showed
that this undesirable phenomenon is correlated with
the PKCe protein levels [20, 28]. Ding et al. [20]
demonstrated that resistance or susceptibility of hu-
man lung cancer cells to chemotherapeutic agent(s)
depends on the level of PRKCE gene expression.
Overexpression of the gene enhances the resistance
due to the caspases inhibition, which promotes cancer
cell survival, while suppression of the PRKCE gene
achieved through the antisense cDNA, increases che-
motherapeutic effect. Further research confirmed the
finding of the anti-apoptotic role of PKCg overexpres-
sion in cancer cells [30, 54, 68]. These functions are
exerted by affecting activation and/or concentration
of Bcl-2 proteins, which influence the integrity of mi-
tochondria. PKCeg alters the proportions between pro-
and anti-apoptotic proteins in Bcl-2 family [7].

Apoptosis induced by tumor necrosis factor
(TNF-a) in MCF-7 breast cancer cells was decreased
by PKCg overexpression, which inhibited Bax trans-
location to the mitochondria [54]. In HL-60 cells ex-
posed to peptide €V1-2, a specific inhibitor of PKCe,
the anti-apoptotic potential of PKCe was blocked.
Further treatment with TRAIL (TNF-related apopto-
sis-inducing ligand) caused cell apoptosis [31]. Also,
in prostate cancer cells (LNCaP), PKCe was sug-
gested to relate inversely with Bax, a pro-apoptotic
protein member of Bcl-2 family, and inhibition of
mitochondrial-dependent apoptotic signaling [58].
Mayne et al. [57] showed that phorbol esters pro-
tected leukemia cells (U937) against apoptosis in-
duced with TNF-o and calphostin C. Inhibition of
PKCe with €¢V1-2 reversed this protection and re-
induced apoptosis.

Inhibition of PKCe expression achieved in breast
cancer cells (MDA-MB231) after exposure to RNAi
fragments caused a significant decrease in prolifera-
tion and tumor growth [71]. The head and neck squa-
mous cell cancer reacted likewise: suppression of
PKCe with RNA resulted in invasiveness and motility
reduction in cancer cells [72]. Additionally, Stensman
et al. [86] observed that in the neuroblastoma cells
(SK-N-BE2C), in which motility was increased upon
treatment with phorbol esters, application of PKCe
siRNA reduced PKCe activity and cell invasiveness.

It is thought that the molecular mechanisms of
PKCe-regulated inhibition of motility and adhesion

depend on PKCe binding to B1 integrin and F-actin.
PKCe affects adhesion, spread and motility of human
glial cancer through its influence on focal adhesion,
lamellopodia formation and integrin accumulation [8,
84]. In breast cancer cells, fatty acids stimulate (1
integrin-dependent adhesion to type IV collagen
through activation of protein kinases € and p [69].
Studies by Brenner et al. [9] in breast cancer cells
(CCF-RC1) showed PKCg involvement in the regula-
tion of B1 integrin expression. Suppression of PKCeg
activity with PKC inhibitor, Ro-31-8220 resulted in
subsequent reduction of B1 integrin expression. Intra-
cellular integrin circulation and recycling modulation
by PKCe was demonstrated by Ivaska et al. [41]; they
showed that PKC co-localized with B1 integrin in
plasma membrane vesicles. Release of PKCe from
these structures depended not only on energy (cellular
reserves of ATP and GTP) but also on the catalytic ac-
tivity of the enzyme. Sustained activation of B1 in-
tegrins induced survival of recurrent prostate cancer
cells (CWR-R1), which probably contributes to the
failure of hormonal therapy [95]. Involvement of in-
tegrins in tumor progression drove attention to possi-
ble suppressing of these proteins as anticancer/antian-
giogenic strategy. These goals can be achieved through
use of monoclonal antibodies; the monoclonal anti-
body volociximab is currently in the Phase II clinical
trials [75].

In conclusion, it has been extensively shown that
PKC plays a critical role in various signaling systems
essential for physiology and pathology. Protein ki-
nases inhibitors represent an important group of new
anticancer drugs, and due to its pleiotropic involve-
ment in cell growth, proliferation and survival, PKCe
is an appealing subject for molecular biology and bio-
technology research. The number of patent applica-
tions for specific kinase inhibitors is constantly rais-
ing, although results of clinical trials do not always
meet our expectations. Success in the treatment of
chronic myeloid leukemia and gastrointestinal stro-
mal tumors demonstrated that inhibition of a single
oncogenic kinase provides desirable effects [23, 34];
however, attempts to affect cancer angiogenesis did
not show comparably positive results [64]. The least
promising effects of kinase inhibitors were found in
the treatment of breast, lung, colon, prostate and pan-
creas cancers; however, the research of Liron et al.,
[53] directed attention to various targets of PKC and
corresponding molecular partners. Discovery of RNA
interference made screening and selective knock-
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down of genes involved in tumor proliferation possi-
ble. This technique may also provide tools for the at-
tenuation of other cellular signaling pathways indi-
rectly associated to carcinogenesis (e.g., NF-xB) [60].

Successful recognition of PKCe as a cancer marker
and a target for selective drugs may only be a question
of time, due to new discoveries in tumor biology and
pharmaceutical advances. There is considerable hope
for nanomaterials as efficacious carriers of apoptosis
inducers and/or selective signal transduction blockers.
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