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Paclitaxel (Taxol) is a commonly prescribed
chemotherapeutic drug that stabilizes mi-
crotubules and consequently prevents pro-
gression of mitosis in rapidly dividing
tumor cells. Like many other chemothera-
peutics, paclitaxel is not selective, and it can
therefore produce many undesired side ef-
fects. One debilitating effect experienced by
individuals receiving the drug is paclitaxel-
induced peripheral neuropathy (PIPN).
The neuropathy is characterized by sponta-
neous pain, as well as evoked hyperalgesia
and allodynia. Due to a limited physiologi-
cal understanding of PIPN, there are few
treatments available for patients experienc-
ing PIPN (Scripture et al., 2006).

Multiple second messenger signaling
molecules have been implicated in the
pathophysiology of PIPN, including cAMP,
protein kinase A, and protein kinase C
(PKC) (Hucho and Levine, 2007). Although
each is necessary for pain transmission, PKC
plays a predominant role in the nocicep-
tive pathway involved in chronic pain and
PIPN. Specifically, inhibition of the PKCe
isoform in chronic pain models has been
shown to block hyperalgesia, whereas inhi-
bition of other second messengers, like
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cAMP, only partially block hyperalgesia.
Many chronic pain studies have focused on
the role of PKC in evoked pain, while ne-
glecting its role in spontaneous pain.
Furthermore, in attempts to understand
chronic pain, most research has focused pri-
marily on PKCe; other isoforms of PKC
(e.g., PKCBII and PKCS) have yet to be
tested. In a recently article published in The
Journal of Neuroscience, He and Wang
(2015) set out to further investigate the
unique roles of various PKC isoforms in
both spontaneous and evoked adverse pain
associated with rodent models of PIPN.
Because the dorsal root ganglion (DRG)
is an important site for excitatory nocicep-
tive transmission, He and Wang (2015) fo-
cused their investigation in this region.
Upon in vitro application of paclitaxel,
PKCPII and PKCS, in addition to PKCe,
translocated to the plasma membrane that
indicated an activated state. To determine
the importance of PKC isoform activation
in PIPN, He and Wang (2015) pharmaco-
logically manipulated PKC by using specific
PKC isoform inhibitors to block paclitaxel’s
effects on isolated DRG neurons. In normal
pain transmission, calcitonin gene-related
peptide (CGRP), an excitatory neuropep-
tide, is released from primary sensory affer-
ents. CGRP was upregulated with paclitaxel
exposure, and inhibiting any of the three
PKC isoforms restored CGRP to basal con-
centrations, indicating that these PKC iso-
forms were involved in CGRP regulation.
These results confirmed the previously es-
tablished role for PKCe in pain transmis-

sion, and identified a novel role for PKCPII
and PKC3 as two additional PKC isoforms
activated by paclitaxel treatment that are
necessary for CGRP release in the nocicep-
tive pathway and thus possibly in pain
transmission.

The activation of multiple PKC isoforms
after paclitaxel exposure raises the possibil-
ity that differential isoform activation is as-
sociated with functional differences in pain
transmission. Pain transmission can be in-
fluenced by differential expression of spe-
cific molecules on the plasma membrane of
nociceptors. Generally, DRG nociceptors
can be divided into two categories depend-
ing on whether the cell binds isolectin B,
(IB,). Both IB,-negative and IB,-positive
nociceptors are involved in pain transmis-
sion, but much speculation has been made
regarding functional differences such as ac-
tion potential threshold and duration, and
response to different types of stimuli (Snider
and McMahon, 1998; Stucky and Lewin,
1999). He and Wang (2015) revealed that
paclitaxel treatment activated all three PKC
isoforms in both IB,-positive and IB,-
negative afferents, but PKCBII was more
prominently activated in IB,-negative neu-
rons than in IB,-positive neurons. Unlike
IB,-positive nociceptors, IB,-negative noci-
ceptors contain CGRP. This fits nicely with
data showing that inhibition of PKCBII was
most effective at blocking CGRP release.
Based on these results, it is reasonable to
speculate that PKCBII may have a different
role than other isoforms in mediating pain
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transmission due to its prominence in IB,-
negative nociceptors.

To confirm their in vitro findings and
further investigate the roles of PKC iso-
forms, He and Wang (2015) used a previ-
ously established in vivo mouse model of
PIPN, which develops hyperalgesia to me-
chanical and thermal stimuli as seen in hu-
mans (Chen et al., 2011). Consistent with
previous studies, PIPN mice were hypersen-
sitive to mechanical and thermal stimuli
20 d after intrathecal paclitaxel administra-
tion. Adding PKCe, PKC}II, or PKC4 iso-
form antagonists raised the evoked pain
threshold to that of controls. This suggests
that all three PKC isoforms play a critical
role in the hypersensitivity to evoked pain
experienced after paclitaxel administration.

Until recently, a major limitation in
this field of research has been our inability
to measure spontaneous pain in animal
models, which is an important aspect
of PIPN in humans. In 2012, He et al. es-
tablished a conditioned place preference
(CPP) behavioral paradigm to investigate
spontaneous pain in mice following ner-
ve injury. In this model, lidocaine and sa-
line are each paired with a respective
chamber. PIPN mice preferred the cham-
ber where they received lidocaine, sugges-
tive of pain reduction by the non-rewarding
lidocaine injection. After replicating these
results in PIPN mice, He and Wang (2015)
explored the role of PKC isoforms in spon-
taneous pain by replacing the lidocaine in-
jections with PKC inhibitors. PKCBII and
PKC$ inhibitors induced CPP in a manner
similar to the lidocaine preference, indica-
tive of spontaneous pain inhibition, but,
interestingly, PKCe did not. PKCPII in-
hibition also had a greater effect than
PKC$ inhibition on spontaneous pain
blockade. Given that PKCPII activation
corresponded most strongly with IB,-
negative cells, this provides evidence
that evoked and spontaneous pain
might be transmitted through partially
non-overlapping pathways. Both IB4-
negative cells and CGRP release have
been established in the literature as in-
dicators of pain transmission (Stucky
and Lewin, 1999). Because the results
described by He and Wang (2015) show
a strong association between PKCPBII
and IB4-negative cells, and between
PKCPBII and CGRP release, this stren-
gthens the growing evidence of PKC
BII involvement in nociceptive signal-
ing pathways. Thus, these findings not
only implicate two additional PKC iso-
forms in experiencing pain, but contrib-
ute to our understanding of how evoked

and spontaneous pain may differ mech-
anistically, namely through PKCe.

Another characteristic of nociceptors
is the presence of vanilloid receptor 1
(TRPV1), a downstream molecule that
could be differentially affected by differ-
ent PKC isoforms. Colabeling for the
specific PKC isoforms and TRPV1 dem-
onstrated expression of TRPV1 on noci-
ceptors expressing all three PKC isoforms
(He and Wang, 2015). These receptors are
essential for hyperalgesia to particular
stimuli, and they have been implicated in
various neuropathies (Holzer, 2008).
Mechanistically, PKCe is known to in-
crease TRPV1 membrane insertion and
increase TRPV-dependent sodium influx
via phosphorylation (Veldzquez et al.,
2007). Phosphorylative changes lead to
increased neuronal firing in primary af-
ferents that project to the DRG, resulting
in hypersensitivity to non-noxious stim-
uli. With the established role of TRPV1 in
hypersensitive responses after PKCe acti-
vation, it would be valuable to investigate
whether the other two isoforms identified
in this paper, PKCPBII and PKCS9, affect
TRPV1 phosphorylation and subsequent
sodium influx. Furthermore, studies ex-
amining how the degree of phosphoryla-
tion of TRPV1 relates to pain threshold in
vivo could provide more insight to down-
stream mechanisms of PKC activation in
peripheral neuropathies, such as PIPN.

Knowledge of specific PKC isoform ac-
tivation in spontaneous and evoked pain
may aid in the development of clinical
treatments. Nonspecific PKC inhibitors
have been tested with little success in the
treatment of a variety of chronic-pain-
related conditions due to their lack
of selectivity and limitations of their
pharmacokinetics (Mochly-Rosen et al.,
2012). Targeting a specific isoform, as He
and Wang (2015) did, could potentially
reduce the risk of side effects. Interest-
ingly, targeting specific PKC isoforms,
such as PKCpB, has shown promise in
managing diabetic neuropathy (Mochly-
Rosen et al., 2012). This evidence further
supports the involvement of PKCPII in
both spontaneous and evoked pain and
provides rationale for therapeutically tar-
geting this isoform in aversive neuropa-
thies. An additional factor that may affect
the specificity of a treatment is how it is
administered. Intrathecal administration,
as used by He and Wang (2015), is a
method to selectively target the DRG.
Nonsystemic routes of administration, in-
cluding intrathecal, could be considered
in the clinical treatment of pain to reduce
off-target effects.
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In summary, these results contribute
significantly to our understanding of the
mechanisms underlying PIPN. He and
Wang (2015) provide compelling evi-
dence for the involvement of three PKC
isoforms in PIPN, two of which have been
previously neglected in pain research. Im-
portantly, the greatest effects on pain re-
duction were seen by blocking PKCpII
activation. Another major implication of
these experiments is the dichotomy of
evoked and spontaneous pain. This study
provides novel evidence for differential
PKC involvement in spontaneous versus
evoked pain. Namely, PKCpII and PKCS,
butnot PKCg, were shown to play arolein
spontaneous pain. Since there are many
aspects of pain that are poorly under-
stood, this information could potentially
change how researchers investigate pain
signaling. The exciting results from these
studies open new avenues for expanding
our understanding of pain and improv-
ing current treatments for patients with
PIPN.
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