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Protein Kinase C theta (PKCBO) is a serine/threonine kinase that belongs to the novel PKC sub-family. PKC6 has
been extensively studied for its role in the immune system where it plays a critical role in T cell activation. Beyond
its physiological role in immune responses, increasing evidence implicates PKCO in the pathology of various
diseases, especially autoimmune disorders and cancers. Particularly, in various types of cancers, the high PKC68
expression leads to aberrant cell proliferation, migration and invasion, thereby promoting cancer aggressiveness.
The recent development and application of PKCB8 inhibitors in the context of auto-immune diseases could benefit

the emergence of treatment for cancers in which PKC6 has been implicated.

PKCtheta cancer tumoral function mechanisms of action

| 1. Introduction

The Protein Kinase C (PKC) family is a family of serine/threonine kinases that are involved in various cellular
processes for different cell types. The PKC family is classified into three subfamilies: classical (a, BI, Bll, y), novel
(8, €, n, B) and atypical (¢, ¥A) PKC isoforms. This classification is based on their structure and ability to respond to
calcium and/or diacylglycerol (DAG) L. Among this family, the novel PKCH isoform is different from other PKC
isoforms since its physiological expression is limited to a few types of cells, such as T cells, platelets and skeletal
muscle cells. This specific expression confers to this isoform a central role in the immune system where PKCH8
controls T cell activation, survival and differentiation 2. In skeletal muscle cells, PKC8 regulates muscle cell
development, homeostasis and remodeling 2. Beyond its physiological functions, PKC8 is also involved in the
pathology of various diseases. In the context of the immune system and skeletal muscle tissue, the dysregulation
of PKCB activity leads to both autoimmune and inflammatory diseases and to insulin resistance and Type 2
diabetes, respectively B4l |n the last decade, growing evidence implicated the PKC8 signaling in the biology of
cancer where it controls cancer cell proliferation, migration and invasion at the cytoplasmic or nuclear levels. Here,
we discuss this emerging function of PKCB in cancer by analyzing its diverse modes of action and their

consequence on critical biological processes involved in tumorigenesis and cancer progression.

| 2. PKCBO Structure and Physiological Function

In this section, we provide a brief overview of the PKCBO structure and the PKCO physiological function mainly in the
immune system. For extensive details, the readers can refer to several excellent reviews written by the experts in
the field of T cell biology (reviewed in 2IIBI6IT),
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2.1. PKCB0 Structure

The novel PKCB isoform is a protein kinase encoded by the PRKCQ gene and composed of 706 amino acids with
a molecular weight of approximately 82 kDa [8l. PKC8 is a DAG-dependent but Ca?*-independent, protein kinase
whose structure consists of several functional domains that are conserved among the novel PKC subfamily (Figure
1) . The N-terminal regulatory domain contains the C2-like domain, the pseudosubstrate region and the DAG-
binding domain (C1A/B) while the C-terminal catalytic domain contains the ATP-binding domain (C3) and the
substrate-binding domain (C4). The regulatory and catalytic domains are separated by a hinge region, called the

V3 motif, which is unique and highly specific to each PKC isoforms.

Regulatory domain Hinge Catalytic domain

Tyr-90 Thr-219 Thr-538 Ser-695

Figure 1. Schematic representation of Protein Kinase C theta (PKCB) structure.

2.2. PKCO Function in the Immune System

Due to the high expression levels of PKCO in T lymphocytes, extensive research has studied the biological function
of this novel PKC isoform in the immune system. The generation and analysis of PKCB-deficient mice have
unraveled the selective role of PKCH in the T cell immune response [BI29. Wwhile PKCS is critical for the T helper
(Th)2- and Th17-mediated responses, the Thl- and cytotoxic T cell-driven responses remain relatively intact in the
absence of PKCO M, However, a few studies reported that some specific Th1 responses were altered in PKC8
deficient mice 1122 T |[ymphocyte activation is a central step of the T cell immune response during which T cell
interacts with an antigen-presenting cell (APC) [4]. This cell-cell junction forms a well-organized and dynamic
structure called the immunological synapse 3l Following this T cell-APC interaction, cytoplasmic PKC8 is
translocated to the membrane at the immunological synapse € and this specific and critical relocalization is highly
dependent on the unique V3 motif of PKCO 4. In addition, other events are also required for the proper
localization and activation of PKCBO at the immunological synapse. Concerning the PKCB localization, several
studies indicated that the Ick-mediated phosphorylation of PKC8 at tyr-90 participated in the PKC8 recruitment to
the immunological synapse 2415 and a report from Thuille et al. suggested that the PKCB autophosphorylation at
thr-219 was required for the cell membrane localization of PKC8 €. Moreover, the data from Cartwright et al.
suggested that PKC8 required its active kinase domain in order to be maintained at the immunological synapse 22,
More recently, Wang et al. reported that the sumoylation of PKC8 upon T cell activation was involved in the specific
localization of PKCO and in the organization of the immunological synapse 8. Concerning the PKCO activation,

the phosphorylation at Thr-538 in the activation loop regulates the PKCBO activity by maintaining PKC8 in an active
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conformation and thus this phosphorylation has been used as a marker reflecting the PKC8 activation 19, GCK-
like kinase (GLK, MAP4K3) has been identified as one kinase capable of directly phosphorylating this Thr-538
residue during the T cell activation 22, Moreover, the auto-phosphorylation at Ser-695 induced during T cell

activation is also required for the PKC8 kinase activity 1221,

Once translocated to the immunological synapse, PKCB8 integrates various signaling cascades that conduct to the
activation of important transcription factors, including Nuclear Factor kB (NF-kB), Activating Protein 1 (AP-1) and,
to a lesser extent, Nuclear Factor of Activated T-cells (NFAT) . This transcriptional machinery then induces the
production of interleukin-2, a cytokine essential for the T cell proliferation Bl. Moreover, the PKC8 function is not
only limited to the activation of signaling pathways that leads to the transcriptional regulation of gene expression.
For example, PKCB8 has been involved in the actin cytoskeletal reorganization that occurs during the formation of
the immunological synapse and the related polarization of activated T cells 1822231 pKCH can also enter the
nucleus of activated T cells to directly bind to the chromatin in order to regulate the expression of immune

response genes and microRNAs involved in the cytokine regulation 241,

2.3. Implication of PKCO in Immunological Disorders

As a selective regulator of the Th2 and Th17 immune responses, the perturbation of PKCB8 expression and activity
leads to the development of Th2-driven inflammatory diseases and Th17-mediated autoimmune diseases. Indeed,
PKCH is highly expressed and activated in these immunological disorders 4. Studies from the PKC8-deficient mice
showed that the PKCO suppression decreased the T cell inflammatory response in autoimmunity, allergy and
allograft rejection [l Therefore, the therapeutic use of specific PKC8 inhibitors could provide an interesting
approach for these PKCO-dependent pathologies [22. Clinical studies using sotrastaurin (AEB071) as the PKC8
inhibitor showed some encouraging results in the context of immunosuppressive therapy for autoimmune diseases
such as psoriasis and organ transplantation /28], However, sotrastaurin is not specific to PKC8 and it also shows
strong and specific inhibitory activity against PKCa and PKC[B and to a lesser extend against PKCd, PKCe and
PKCn. It thus suggests that sotrastaurin would inhibit not only the PKCB8-mediated functions but also the functions
from other PKCs [24. Therefore, current research works aim to develop more selective PKCBO inhibitors [28][29]
These inhibitors are currently tested in mouse models and further studies are needed to validate them in the

clinical trials.
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