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Peripheral neuropathy induced by antineo-
plastic drugs is one of the most common
neurological complications of cancer treat-
ment, affecting up to 80% of patients. Pacli-
taxel, a widely used anticancer drug for solid
tumors, such as breast cancer, frequently
produces dose-limiting peripheral neuro-
toxicity characterized by paresthesia, dyses-
thesia, and neuropathic pain (De Iuliis et al.,
2015). Unfortunately, there are no clinically
validated treatments to counteract this neu-
ropathy, partly because its pathophysiologi-
cal mechanisms are only partially known.
But animal models of paclitaxel-induced
neuropathic pain are helping to elucidate its
pathogenesis and make it possible to test ex-
perimental treatments (Hopkins et al.,
2016).

Increasing attention is being focused on
non-neuronal mechanisms that may am-
plify or resolve chronic pain, and cells tradi-
tionally believed to act as coordinators of the
inflammatory response are now recognized

as modulators of pain signaling. In response
to nerve injury, non-neuronal cells, such as
leukocytes and glial cells, release neuro-
modulatory substances that can act on sen-
sory neurons to either promote or reduce
pain (Ji et al., 2016). Paclitaxel-induced neu-
ropathic pain is associated with a neuroin-
flammatory process involving activation of
glial cells in the spinal cord and satellite cells
along with macrophage infiltration into the
DRG. Together, these changes led to the
production of pronociceptive mediators,
such as interleukin-1� (IL-1�) and tumor
necrosis factor-� (TNF-�) (Sisignano et al.,
2014), and these neuroinflammatory pro-
cesses may contribute to the pain induced
by this anticancer drug.

Although symptoms of paclitaxel-
induced neuropathic pain sometimes
cease when treatment is stopped, they
sometimes become chronic (Boyette-
Davis et al., 2015). Similarly, preclinical
models have shown that neuropathic
pain-like behaviors after paclitaxel ex-
posure can resolve (Nieto et al., 2014) or
persist for several weeks or even months
after treatment stops (Flatters and Bennett,
2006; Ledeboer et al., 2007). The mecha-
nisms that resolve chemotherapy-induced
pain have remained unclear. In an arti-
cle published recently in The Journal of
Neuroscience, Krukowski et al. (2016)
identified a novel mechanism that contrib-
utes to the termination of paclitaxel-
induced neuropathic pain.

T cells (T lymphocytes) are essential
components of adaptive immunity involved
in pain pathology (Ji et al., 2016). They rep-
resent a heterogeneous group of immune
cells that exhibit various phenotypes distin-
guished by surface markers. All T cells ex-
press the CD3 marker and are divided into
helper T cells (CD4�) and cytotoxic T cells
(CD8�), with further subdivisions based on
their cytokine profiles (Broere et al., 2011).
To investigate the role of T cells in pacli-
taxel-induced neuropathic pain, Krukowski
et al. (2016) used Rag1�/� mice, which are
deficient in mature T cells, and transferred
specific subtypes of T cells intravenously be-
fore paclitaxel administration.

The study by Krukowski et al. (2016)
shows that T cells are essential for the ame-
lioration of paclitaxel-induced neuropathic
pain. The authors administered low doses of
systemic paclitaxel to mice, which devel-
oped transient mechanical allodynia that
started to resolve after 7 d, coinciding with a
significant increase in the number of T cells
(CD3�) in the lumbar DRGs. Krukowski
et al. (2016) administered paclitaxel to
Rag1�/� mice and found that these mutant
mice developed mechanical allodynia with
an onset and severity similar to that seen in
wild-type (WT) mice, but which continued
for a longer period. When the authors trans-
ferred CD3� T cells intravenously to
Rag1�/� mice before paclitaxel treatment,
however, the resulting allodynia resolved by
the same time as in WT mice.
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In contrast to these findings, two other
studies that explored neuropathic pain-like
hypersensitivity in Rag1�/� mice reported a
significant reduction in mechanical (Costi-
gan et al., 2009) and thermal (Kleinschnitz
et al., 2006) hypersensitivity, which resolved
over the same period as in WT mice. How-
ever, the neuropathic pain models used in
the three studies have different etiologies
(mechanically induced vs chemically in-
duced nerve injury); therefore, the different
results may be explained by differences in
the pathophysiology of neuropathic pain in
these models.

Interestingly, Krukowski et al. (2016)
also identified the T-cell subset responsible
for recovery from paclitaxel-induced me-
chanical allodynia, demonstrating normal
resolution in Rag1�/� mice that received
CD8� T cells intravenously. In contrast,
mechanical allodynia persisted in Rag1�/�

mice that received CD4� T-cell transfers. A
question that these findings raise is whether
CD8� T cells are the only immune cells in-
volved in this process. Rag1�/� mice are also
deficient in mature B cells; and although the
role of these immune cells in neuropathic
pain is unclear (Dawes et al., 2013), an in-
crease in B cells in the DRG of WT mice has
been reported in association with paclitaxel-
induced neuropathic pain (Liu et al., 2014).
However, Krukowski et al. (2016) did not
investigate the effects of B cells transferred to
Rag1�/� mice on paclitaxel-induced neuro-
pathic pain to determine whether these lym-
phocytes play a hypothetical role.

In contrast to the conclusion that CD8�

T cells play a key role in the resolution of
paclitaxel-induced neuropathic pain, a pre-
vious report by Liu et al. (2014) found that
the intrathecal administration of CD8�

neutralizing antibody reversed paclitaxel-
induced mechanical allodynia, whereas the
adoptive intrathecal transfer of CD8� T cells
exacerbated it. Therefore, different routes of
administration seem to be connected with
different roles of CD8� T cells. One possible
explanation is that Krukowski et al. (2016)
administered CD8� T cells before paclitaxel
treatment, whereas Liu et al. (2014) admin-
istered the cells after treatment. In addition,
Krukowski et al. (2016) transferred CD8� T
cells to Rag1�/� mice, but these mutant
mice were still deficient in CD4� T and B
cells. Because both types of lymphocyte re-
lease a variety of cytokines that may modu-
late CD8� T-cell responses (Broere et al.,
2011; Bao and Cao, 2014), the lack of CD4�

T and B cells in Rag1�/� mice may be one of
the reasons for these contradictory results.

Krukowski et al. (2016) also explored the
contribution of the anti-inflammatory cyto-
kine IL-10 to the resolution of paclitaxel-

induced pain because CD8� T cells exert
their regulatory effects in part through the
production of this cytokine. IL-10 is a pow-
erful anti-inflammatory cytokine with anti-
nociceptive properties. Previous studies of
intrathecal IL-10 gene therapy in animal
models found that IL-10 suppressed neuro-
pathic pain symptoms, including paclitaxel-
induced neuropathy (Milligan et al., 2006;
Ledeboer et al., 2007). In agreement with
these reports, the study by Krukowski et al.
(2016) demonstrated that the inhibition of
endogenous IL-10 signaling by IL-10
knock-out (KO) mice or by the intrathecal
injection of anti-IL-10-neutralizing anti-
body in WT mice delayed recovery from pa-
clitaxel-induced allodynia. In addition, the
intrathecal injection of anti-IL-10 antibody
in Rag1�/� mice reconstituted with CD8�

T cells also delayed recovery from paclitaxel-
induced allodynia, in comparison with
Rag1�/� mice with CD8� T cells treated
with control IgG antibodies, suggesting that
recovery is dependent on spinal IL-10 and
mediated by CD8� T cells. However,
Rag1�/� mice reconstituted with CD8� T
cells from IL-10 KO mice (i.e., CD8� T cells
unable to produce IL-10), displayed a reso-
lution of paclitaxel-induced allodynia simi-
lar to that of Rag1�/� mice reconstituted
with CD8� T cells from WT mice. This lat-
ter finding indicated that CD8� T cells were
not the source of the spinal IL-10 needed for
the resolution of mechanical allodynia. In
support of this conclusion, the authors also
showed a significant increase in IL-10
mRNA in the spinal cord, but not in the
DRG, whereas T-cell infiltration/prolifera-
tion was found only in the DRG, but not in
the spinal cord, after paclitaxel treatment.
Together, these findings suggested that
CD8� T cells in DRGs may modulate DRG
neurons, which may in turn lead to pro-
cesses that trigger the increase in IL-10 in the
spinal cord.

In the CNS, microglia can assume an an-
ti-inflammatory phenotype characterized
by the release of anti-inflammatory media-
tors, including IL-10 (Cherry et al., 2014).
Therefore, microglia may be the source of
increased IL-10 in the spinal cord after pac-
litaxel administration, as reported by Kru-
kowski et al. (2016). Although the role of
microglia in paclitaxel-induced neuropathy
is controversial, several laboratories have re-
ported microgliosis in the mouse and rat
spinal cord (Ledeboer et al., 2007; Peters et
al., 2007; Burgos et al., 2012; Pevida et al.,
2013) associated with paclitaxel-induced
pain, even at a cumulative dose (Burgos et
al., 2012) similar to that used by Krukowski
et al. (2016). The functional phenotypes of
microglia (proinflammatory and anti-in-

flammatory) in paclitaxel-induced neuro-
pathic pain are unexplored, however.
Further research is needed to identify
which phenotypes are present and the en-
dogenous signals that trigger these pheno-
typic changes.

In conclusion, the results reported by
Krukowski et al. (2016) contribute signifi-
cantly to our understanding of the mecha-
nisms that underlie the resolution of
paclitaxel-induced neuropathic pain. Pre-
ventive therapies would be particularly use-
ful in the context of chemotherapy-induced
neuropathy, where the moment of onset of
the insult is known in advance. This study
opens new avenues for expanding our
knowledge of the mechanisms that orches-
trate the chronicity of neuropathic pain, and
may lead to novel interventions based on
IL-10 therapy to prevent and/or treat this
process. Nevertheless, the exact mecha-
nisms of CD8� T cell and IL-10 signaling in
this process remain unclear, and further re-
search is needed to elucidate the possible
role of glial cells and other antinociceptive
mediators.
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Burgos E, Gómez-Nicola D, Pascual D, Martín
MI, Nieto-Sampedro M, Goicoechea C (2012)
Cannabinoid agonist WIN 55,212–2 prevents
the development of paclitaxel-induced periph-
eral neuropathy in rats: possible involvement of
spinal glial cells. Eur J Pharmacol 682:62–72.
CrossRef Medline

Cherry JD, Olschowka JA, O’Banion MK (2014)
Neuroinflammation and M2 microglia: the
good, the bad, and the inflamed. J Neuroin-
flammation 11:98. CrossRef Medline

Costigan M, Moss A, Latremoliere A, Johnston C,
Verma-Gandhu M, Herbert TA, Barrett L,
Brenner GJ, Vardeh D, Woolf CJ, Fitzgerald M
(2009) T-cell infiltrationandsignalingintheadult
dorsal spinal cord is a major contributor to neuro-
pathic pain-like hypersensitivity. J Neurosci 29:
14415–14422. CrossRef Medline

Dawes JM, Anderson DA, Bennett DL, Bevan S,
McMahon SB (2013) Inflammatory media-
tors and modulators of pain. In: Wall and
Melzack’s textbook of pain, Ed 6 (McMahon
SB, Koltzenburg M, Tracey I, Turk DC, eds),
pp 48 – 67. Philadelphia: Elsevier Saunders.

De Iuliis F, Taglieri L, Salerno G, Lanza R, Scarpa
S (2015) Taxane induced neuropathy in pa-
tients affected by breast cancer: Literature re-

2804 • J. Neurosci., March 15, 2017 • 37(11):2803–2805 Bravo-Caparrós and Nieto • Journal Club

http://dx.doi.org/10.1016/j.jaut.2014.04.001
http://www.ncbi.nlm.nih.gov/pubmed/24794622
http://dx.doi.org/10.2217/pmt.15.19
http://www.ncbi.nlm.nih.gov/pubmed/26087973
http://dx.doi.org/10.1016/j.ejphar.2012.02.008
http://www.ncbi.nlm.nih.gov/pubmed/22374260
http://dx.doi.org/10.1186/1742-2094-11-98
http://www.ncbi.nlm.nih.gov/pubmed/24889886
http://dx.doi.org/10.1523/JNEUROSCI.4569-09.2009
http://www.ncbi.nlm.nih.gov/pubmed/19923276


view. Crit Rev Oncol Hematol 96:34 – 45.
CrossRef Medline

Flatters SJ, Bennett GJ (2006) Studies of peripheral
sensory nerves in paclitaxel-induced painful pe-
ripheral neuropathy: evidence for mitochondrial
dysfunction. Pain 122:245–257. CrossRef Medline

Hopkins HL, Duggett NA, Flatters SJ (2016)
Chemotherapy-induced painful neuropathy:
pain-like behaviours in rodent models and
their response to commonly used analgesics.
Curr Opin Support Palliat Care 10:119 –128.
CrossRef Medline

Ji RR, Chamessian A, Zhang YQ (2016) Pain
regulation by non-neuronal cells and in-
flammation. Science 354:572–577. CrossRef
Medline

Kleinschnitz C, Hofstetter HH, Meuth SG, Brae-
uninger S, Sommer C, Stoll G (2006) T cell infil-
tration after chronic constriction injury of mouse
sciatic nerve is associated with interleukin-17
expression. Exp Neurol 200:480–485. CrossRef
Medline

Krukowski K, Eijkelkamp N, Laumet G, Hack CE,
Li Y, Dougherty PM, Heijnen CJ, Kavelaars A
(2016) CD8� T cells and endogenous IL-10

are required for resolution of chemotherapy-
induced neuropathic pain. J Neurosci 36:
11074 –11083. CrossRef Medline

Ledeboer A, Jekich BM, Sloane EM, Mahoney JH,
Langer SJ, Milligan ED, Martin D, Maier SF,
Johnson KW, Leinwand LA, Chavez RA, Wat-
kins LR (2007) Intrathecal interleukin-10
gene therapy attenuates paclitaxel-induced
mechanical allodynia and proinflammatory
cytokine expression in dorsal root ganglia in
rats. Brain Behav Immun 21:686–698. CrossRef
Medline

Liu XJ, Zhang Y, Liu T, Xu ZZ, Park CK, Berta T,
Jiang D, Ji RR (2014) Nociceptive neurons
regulate innate and adaptive immunity and
neuropathic pain through MyD88 adapter.
Cell Res 24:1374 –1377. CrossRef Medline

Milligan ED, Soderquist RG, Malone SM, Ma-
honey JH, Hughes TS, Langer SJ, Sloane EM,
Maier SF, Leinwand LA, Watkins LR, Ma-
honey MJ (2006) Intrathecal polymer-based
interleukin-10 gene delivery for neuropathic
pain. Neuron Glia Biol 2:293–308. CrossRef
Medline

Nieto FR, Cendán CM, Cañizares FJ, Cu-
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