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Abstract
Painful peripheral neuropathies produced by nerve trauma are accompanied by substantial axonal
degeneration and by a response in spinal cord microglia that is characterized by hypertrophy and
increased expression of several intracellular and cell-surface markers, including ionizing calcium-
binding adapter molecule 1 (Iba1) and Cd11b (a complement receptor 3 antigen recognized by the
OX42 antibody). The microglia response has been hypothesized to be essential for the
pathogenesis of the neuropathic pain state. In contrast, the painful peripheral neuropathies
produced by low doses of cancer chemotherapeutics do not produce degeneration of axons in the
peripheral nerve, although they do cause partial degeneration of the sensory axons’ distal-most
tips, i.e. the intraepidermal nerve fibers that form the axons’ terminal receptor arbors. The question
thus arises as to whether the relatively minor and distal axonal injury characterizing the
chemotherapy-evoked neuropathies is sufficient to evoke the microglial response that is seen after
traumatic nerve injury. We examined the lumbar spinal cord of rats with painful peripheral
neuropathies due to the anti-neoplastic agents, paclitaxel, vincristine, and oxaliplatin, and the anti-
retroviral agent, 2′,3′-dideoxycytidine (ddC), and compared them to rats with a complete sciatic
nerve transection and the partial sciatic nerve injury produced in the chronic constriction injury
model (CCI). As expected, microglia hypertrophy and increased expression of Iba1 were
pronounced in the nerve transection and CCI animals. However, there was no microglia
hypertrophy or increased Iba1 staining in the animals treated with paclitaxel, vincristine,
oxaliplatin, or ddC. These results suggest that the mechanisms that produce neuropathic pain after
exposure to chemotherapeutics may be fundamentally different than those operating after nerve
trauma.
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Transection of a peripheral nerve evokes dramatic changes in spinal cord microglia. The
changes include an alteration of cell shape (hypertrophy), increased expression of cell
surface and intracellular proteins, proliferation of resident microglia, and the in-migration of
hematogenous microglia precursors [reviewed in (Inoue and Tsuda, 2009; McMahon and
Malcangio, 2009; Milligan and Watkins, 2009)]. These changes are subsumed under the
term “activation” following del Rio-Hortega and Penfield’s description (1927) of the
microglial response to a stab wound in the cerebral cortex. For the response of spinal cord
microglia to peripheral nerve injury, activation is generally detected immunocytochemically
using antisera directed against the cell surface marker, Cd11b (a complement receptor 3
antigen recognized by the OX42 antibody), or the intracellular marker, ionizing calcium-
binding adapter molecule 1 (Iba1); both markers demonstrate increased staining levels and
hypertrophy. Following transection of the sciatic nerve, responding spinal microglia are
found in the dorsal horn territory where the transected sensory axons terminate, while in the
ventral horn the responding microglia are restricted to the lateral motor neuron pools that
contain the cells whose axons have been cut (Beggs and Salter, 2007).

Changes in spinal cord microglia after a complete sciatic nerve transection were first
reported over 45 years ago [for review see (Gehrmann et al., 1991)], but interest in the
phenomenon was greatly increased by reports showing that microglia also responded after
partial nerve injuries that evoked neuropathic pain. Such nerve injuries are accompanied by
an up-regulation of pro-inflammatory cytokines and chemokines. Microglia are immune
cells and they have thus been proposed as a likely source of these substances (Coyle, 1998;
DeLeo et al., 1997). Consistent with this idea, microglial inhibitors (e.g., minocycline,
propentofylline, and ibudilast (AV411)) block the neuropathic pain state produced by partial
nerve injury. These observations have led to the hypothesis that the microglial response is an
important, and perhaps a necessary, factor in the pathogenesis of neuropathic pain (Inoue
and Tsuda, 2009; McMahon and Malcangio, 2009; Milligan and Watkins, 2009).

We have investigated the painful peripheral neuropathies produced by cytotoxins;
specifically, the cancer chemotherapeutic agents, paclitaxel, oxaliplatin, and vincristine, and
the anti-retroviral agent, 2′,3′-dideoxycytidine (ddC). With the low-dose protocols that we
use, these agents produce neuropathic pain but do not produce degeneration of axons in the
peripheral nerve. However, they do produce a statistically significant partial degeneration of
the intraepidermal nerve fibers (IENF) that form the terminal receptor arbors of the sensory
axons that innervate the epidermis (Jin et al., 2008; Siau et al., 2006; Xiao and Bennett,
2010; Xiao et al., 2009).

The experiments reported here investigate the question of whether the relatively minor and
very distal degeneration seen in chemotherapy-evoked peripheral neuropathies causes the
microglial response that is seen after traumatic nerve injury.

EXPERIMENTAL PROCEDURES
These experiments conformed to the ethics guidelines of the International Association for
the Study of Pain (Zimmermann, 1983), the National Institutes of Health (USA), and the
Canadian Institutes of Health Research. All experimental protocols were approved by the
Animal Care Committee of the Faculty of Medicine, McGill University, in accordance with
the regulations of the Canadian Council on Animal Care.

Animals
Adult male Sprague-Dawley rats (200–300g, Harlan Inc., Indianapolis, IN; Frederick, MD
breeding colony) were housed in groups of 3–4 on sawdust bedding in plastic cages.

Zheng et al. Page 2

Neuroscience. Author manuscript; available in PMC 2012 March 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Artificial lighting was provided on a fixed 12 hour light-dark cycle with food and water
available ad libitum.

Drug administration and surgery
Paclitaxel (Taxol™; Biolyse Pharma Corp.; St. Catherines, ON, Canada) was administered
via our standard protocol: the stock solution (in Cremophor/EL) was diluted with saline to a
concentration of 2 mg/ml and injected IP at 2 mg/kg on four alternate days (D0, D2, D4 and
D6) (Flatters and Bennett, 2004; Polomano et al., 2001).

Vincristine sulfate (Novopharm Ltd.; Toronto, ON, Canada) was given by diluting the stock
solution with saline to a concentration of 50 μg/ml and injecting IP daily at 50 μg/kg for 10
consecutive days (D0–D9) (Siau and Bennett, 2006; Siau et al. 2006).

Oxaliplatin (Eloxatin™; Sanofi-aventis; Laval, QC, Canada) was given according to the
protocol of Xiao and Bennett (2010): the stock solution was diluted with 5% dextrose in
distilled water to a concentration of 2 mg/ml and injected IP daily for five consecutive days
at 2 mg/kg.

2′,3′-dideoxycytidine (ddC; Sigma-Aldrich; Oakville, ON, Canada)) was administered as a
single bolus via the tail vein at 50 mg/ml/kg (Joseph et al., 2004; Siau and Bennett, 2006).

For comparisons to the three paclitaxel groups, we used a control group consisting of
animals that had received four IP vehicle injections (two rats sacrificed on D7 and two on
D14). For comparisons to the vincristine, oxaliplatin, and ddC groups, we used another
control group consisting of animals that had received five IP injections of 5% dextrose in
water (1 ml/kg) on five consecutive days and then sacrificed on D35.

Rats with a complete unilateral nerve transection were prepared by cutting the common
sciatic nerve at mid-thigh level under isoflurane anesthesia. Rats were prepared with the
chronic constriction injury (CCI) as described previously (Bennett and Xie, 1988). The side
contralateral to transection or CCI was used as the control comparison. It is known that the
contralateral side in such cases may not be normal; however, all published studies of the
effects of traumatic nerve injury on microglia activation have used this as the control. All
vehicle control, drug, and surgery groups were n = 4.

Pain assays
The rats were habituated to the testing apparatus on two daily sessions. As per our standard
procedure (Flatters and Bennett, 2004), 4 g and 15 g von Frey hairs (VFH) were applied to
the plantar hind paw five times on each side for each hair. For each hair, the responses from
both sides were summed and expressed as a percent response. Normal rats rarely or never
respond to the 4 g VFH, indicating that it is an innocuous stimulus. Increased response
frequency to this stimulus is thus indicative of mechano-allodynia. Normal rats respond to
the 15 g VFH about 10–20% of the time, suggesting that it is a barely painful stimulus (it
evokes a mild stinging pain when applied to our volar wrist). An increase in response
frequency to the 15 g VFH is thus indicative of mechano-hyperalgesia.

Paclitaxel-treated rats were tested prior to drug exposure and on D7, D14, or D27. We have
shown that paclitaxel-evoked mechano-allodynia and mechano-hyperalgesia begin with a
distinct delay after the last injection of paclitaxel. Pain symptoms are absent on D7 (one day
after the last paclitaxel injection), first appear 14–18 days after the last injection, and reach
peak severity by D27 (Bennett et al. 2010; Flatters and Bennett, 2004, 2006; Xiao et al.,
2009).
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Immunocytochemistry
Sciatic nerve transection rats were sacrificed 14 after surgery. CCI rats were sacrificed 8
days after surgery, which is the time of onset of the plateau phase of peak pain severity
(Bennett and Xie, 1988). Chemotherapy-treated rats were sacrificed immediately after
behavioral testing: paclitaxel-treated rats on D7, D14, or D27; vincristine-treated rats on
D16, oxaliplatin-treated rats on D35, and ddC-treated rats on D8. For the vincristine and
ddC dosing protocols used here, robust mechano-allodynia and mechano-hyperalgesia are
known to be present at the selected time points (Joseph et al., 2004; Siau and Bennett, 2006;
Siau et al., 2006). A complete time-course of oxaliplatin-evoked pain with the dosing
protocol used here shows that the selected time point is near the beginning of the phase of
peak pain severity (Xiao and Bennett, 2010).

The rats were over-dosed with sodium pentobarbital (100 mg/kg; IP) and perfused
transcardially with a vascular rinse (phosphate buffered saline (PBS) containing 0.05%
sodium bicarbonate and 0.1% sodium nitrite) for 1 min; followed by freshly prepared 4%
paraformaldehyde in 0.1M phosphate buffer, pH 7.4. The lumbosacral vertebral column was
removed and post-fixed overnight, after which the L4/L5 segments of the spinal cord were
exposed via laminectomy and identified by tracing the dorsal roots from their respective
dorsal root ganglia (DRG). For the animals with CCI and sciatic nerve transection, a notch
was made in the ventral side of the spinal cord contralateral to the side of nerve injury.
Spinal cords were cryoprotected in 30% sucrose solution at 4º C overnight and then and
stored at −80° C.

Cryostat sections (30 μm) sections were collected in PBS. Following one hour incubation in
PBS containing 0.2% Triton-X 100 (PBS+T) and 10% normal donkey serum (Jackson
ImmunoResearch Laboratories; Mississauga, ON, Canada) at room temperature, sections
were incubated for 24 h at 4°C in PBS+T containing rabbit primary antisera diluted 1:1000
and 5% NDS. The primary antibody was directed against Iba1 (Wako Chemicals;
Richmond, VA). After rinsing in PBS + T, sections were incubated in donkey anti-rabbit
IgG secondary antibody labeled with Cy3 (Jackson ImmunoReseach) diluted 1:200 for 1.5
h. Negative control sections (no exposure to the primary antisera) were processed
concurrently for each rat.

Quantification of microglial staining
Each section was photographed twice - first with bright-field and then with epifluorescence
illumination. Care was taken to ensure that the fluorescence images from all animals were
obtained in exactly the same way.

Using Image-Pro software (version 6.2; MediaCybernetics; Bethesda, MD), two areas-of-
interest (AOI) were delimited on each side of the bright-field images. The first AOI captured
the dorsal horn (DH; laminae I–III/IV) and was delimited medially, dorsally and laterally by
the white matter-gray matter border, and ventrally by a horizontal line originating at the
ventrolateral termination of laminae I–II, i.e., where the laminae curve around the lateral
edge of the dorsal horn (see Fig. 1). The second AOI captured that part of the ventral horn
(VH) that contains the lateral motor neurons, which innervate the distal musculature (calf
and hind paw). It was delimited laterally and ventrally by the white matter-gray matter
border, dorsally by a horizontal line originating at the level of the central canal and
extending to the lateral gray matter-white matter border, and medially by a vertical line that
bisected the aforesaid horizontal line (Fig. 1). The AOIs were subsequently superimposed on
the fluorescence images. Setting AOI borders with the bright-field images has two
advantages: the border between gray and white matter is clearly visible, and the observer is
blind as to the signal to be measured (the fluorescent label). The fluorescence intensity
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values of all images were switched to gray scale values (0–255). For each animal, the
negative control section (reacted concurrently but without exposure to primary antibody)
was used to estimate non-specific staining. The distribution of pixel intensities from the
entire gray matter was plotted and the highest value in this distribution was designated as the
non-specific threshold intensity. This threshold value was then subtracted from all pixel
intensity values in the AOIs from the section stained with primary antibody. We then
obtained an “optical density” value by dividing the number of suprathreshold pixels by the
number of pixels in the AOI. This method is equivalent to the “area percent” method
described and validated by Blackbeard et al. (2007).

For the drug-injected groups, in each rat we obtained a single optical density value for the
DH and another for the VH by averaging the two sides and these values were compared to
the homologous left-right average values from the vehicle-treated controls. For the nerve
transection and CCI groups, we compared the DH and VH optical density values from the
side of nerve injury with those on the opposite side.

Hypertrophy was assessed by inspection of at least three fields (60X objective) in the DH
and VH per section.

RESULTS
Pain assays

Mechano-allodynia and mechano-hyperalgesia were present in the paclitaxel-treated rats on
D27, but not on D7 or D14 (Fig. 2). Oxaliplatin, vincristine, and ddC treatment produced
mechano-allodynia and mechano-hyperalgesia at the selected time points (Fig. 2).

Immunocytochemistry
The maximum gray scale intensity values for the negative control sections (no exposure to
the primary antibody) from all the groups were very low and ranged from only 6 to 7, which
is less than 3.0% of the scale (0–255).

The optical density values for the two control groups’ DH were nearly identical (mean ±
SEM): paclitaxel control group: 76.7 ± 7.2%; vincristine, oxaliplatin and ddC control group:
76.3 ± 4.2%. The same was true for the optical density values for the VH: paclitaxel control
group: 59.5 ± 10.4%; vincristine, oxaliplatin and ddC control group: 59.7 ± 5.3%. We saw
no hypertrophic microglia in the DH and VH in the control groups (Fig. 3B).

Microglial after sciatic nerve transection
Axotomy produced the expected increased Iba1 staining in both the ipsilateral DH and VH
(Figs. 1 and 5). For the DH, the optical density values were 94.7 ± 1.5 for the ipsilateral side
and 68.0 ± 5.6 for the contralateral side. This is a statistically significant increase of 39.3%
relative to the control. For the VH, the optical density values were 77.0 ± 7.1 ipsilaterally
and 40.8 ± 9.0 contralaterally. This is a statistically significant increase of 88.6% relative to
the control. The contralateral staining intensity was comparable to that seen in the vehicle-
injected control group.

Hypertrophic microglia were seen throughout those regions of the ipsilateral DH and VH
that expressed increased staining (Fig. 3A). No hypertrophy was seen in the contralateral
DH and VH.
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Microglia after CCI
Also as expected, CCI produced increased Iba1 staining in both the ipsilateral DH and VH
(Figs. 4 and 5). For the DH, the optical density values were 86.1 ± 0.8 for the ipsilateral side
and 56.3 ± 3.7 for the contralateral side. This is a statistically significant increase of 53.1%
relative to the control (Fig. 5). For the VH, the optical density values were 79.9 ± 3.5
ipsilaterally and 31.6 ± 2.0 contralaterally. This is a statistically significant increase of
152.4% relative to the control. The increases seen in the DH and VH of CCI animals were
greater than those seen after nerve transection; the significance of this is unknown. The
contralateral DH and VH staining intensities were comparable to those seen in the vehicle-
injected control group.

As with transection, hypertrophic microglia were seen throughout those regions of the
ipsilateral DH and VH that expressed increased staining. No hypertrophy was seen in the
contralateral DH or VH.

Microglia after paclitaxel treatment
There was no significant change in Iba1 staining in the DH or VH of any of the three
paclitaxel-treated groups (Figs. 4 and 5). For the DH, the optical density values were:
control group: 76.7 ±7.2; paclitaxel D7: 80.0 ± 5.2; paclitaxel D14: 76.6 ± 2.6; paclitaxel
D27: 70.8 ± 4.0. These are statistically non-significant changes relative to control: D7:
4.3%; D14: −0.1%; and D27: −7.7%. For the VH, the optical density values were: control
group: 59.5 ±10.4; paclitaxel D7: 71.5 ± 9.3; paclitaxel D14: 57.0 ± 9.4; and paclitaxel D27:
55.8 ± 8.3. These are statistically non-significant changes relative to control: D7: 20.2%;
D14: −4.2%; and D27: −6.3%.

Microglial hypertrophy was absent in the DH and VH of all the paclitaxel-treated groups
(Fig. 3C, D).

Microglia after vincristine, oxaliplatin and ddC treatment
There was no significant change in Iba1 staining in the DH or VH of the groups treated with
vincristine, oxaliplatin, or ddC (Fig. 5). For the DH, the optical density values were: control
group: 76.3 ± 4.2; vincristine: 66.8 ± 3.6; oxaliplatin: 67.9 ± 4.9; and ddC: 81.8 ± 5.3. These
are statistically non-significant changes relative to control: vincristine: −12.3%; oxaliplatin:
−10.9%; and ddC: 7.3%. For the VH, the optical density values were: control group: 59.7 ±
5.3; vincristine: 55.8 ± 2.2; oxaliplatin: 55.3 ± 6.1; and ddC: 73.9 ± 5.9. These are
statistically non-significant changes relative to control: vincristine: −6.4%; oxaliplatin:
−7.3%; and ddC: 23.9%.

There was no microglia hypertrophy in the DH or VH in the vincristine, oxaliplatin, and ddC
groups.

DISCUSSION
We found no evidence for increased microglia Iba1 staining or hypertrophy in the spinal
cord DH in the painful peripheral neuropathies produced by our dosing protocols for
paclitaxel, oxaliplatin, vincristine, and ddC. We also found no changes in the VH, but this is
not surprising as these agents evoke peripheral neuropathies that are exclusively or
predominately sensory rather than motor. Both nerve trauma models (transection and CCI)
produced the expected increase in Iba1 staining and microglial hypertrophy in the ipsilateral
DH and VH.
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After traumatic nerve injury, microglial hypertrophy and Iba1 (and C11b) up-regulation
begin and peak within a few days, but it can still be detected for at least seven weeks (Clark
et al., 2007; Echeverry et al., 2008; Tawfik et al., 2007). Vincristine-treated and ddC-treated
rats were examined at times when pain was present. Oxaliplatin-treated rats were also
examined at a time when pain was present and we know from a time course study that the
time point examined is early in the phase of peak pain severity (Xiao et al., 2010).
Paclitaxel-treated rats were examined at three separate time points including the time of pre-
pain (coasting) and a time early in the phase of peak pain severity. Thus, it is very unlikely
that we missed microglia activation by looking at inappropriate times.

For the axotomy and CCI groups, including the entire mediolateral extent of the DH in the
AOI diluted the estimate of microglia activation because there is no response in the lateral
one-third of superficial laminae (Beggs and Salter, 2007), which is innervated by the
uninjured posterior cutaneous nerve of the thigh (Swett and Woolf, 1985). However, for the
toxins it is appropriate to include the entire mediolateral extent of the DH because the toxins
would not be expected to spare any of the long nerves in the hind limb. The regions of
microglial activation in the DH and VH are somatotopic (Beggs and Salter, 2007) and thus
in the case of traumatic mononeuropathy they will vary with segmental level. In contrast,
paclitaxel and the other chemotherapeutics evoke a polyneuropathy that involves all the long
nerves innervating the hind paws and tail (Polomano et al., 2001). We carefully identified
the fourth and fifth lumbar spinal segments that receive afferent axons from the hind paw
and contain the motor neurons that innervate the muscles of the distal extremity. Thus we
could not have missed a chemotherapeutic-evoked effect on microglia by examining the
wrong spinal segments.

Iba1 up-regulation and hypertrophy as markers of microglia activation
Evidence suggests that different peripheral inflammatory pain conditions may evoke
different microglia response programs with different temporal profiles [reviewed in (Fu et
al., 2009; Hua et al., 2005)]. However, to our knowledge, the present study is the first
demonstration of heterogeneity of the microglial response in different kinds of painful
peripheral neuropathy.

Microglial response programs involve changes in the expression of very many proteins via
activation of mitogen-activated protein kinases (MAPK) (Ji et al., 2009). It is therefore
possible that the chemotherapy-evoked painful peripheral neuropathies evoke a microglial
response program that does not involve Iba1 up-regulation (or hypertrophy). There is
evidence that this is true in certain inflammatory pain conditions where, for example,
microglial activation is instead marked by increased levels of phosphorylated p38 MAPK
(Hua et al., 2005; Svensson et al., 2003). Thus, our data do not prove that the chemotherapy-
evoked painful peripheral neuropathies examined here are completely without effect on
spinal microglia. But our data do show that if a microglial response occurs, then it is clearly
not the same as that evoked by nerve trauma.

Comparison to prior reports
Our results do not agree with those of two studies that reported increased microglial Iba1 or
Cd11b staining with vincristine treatment (Kiguchi et al., 2008; Sweitzer et al., 2006) and
one study that reported an increase in the staining levels of Cd11b with paclitaxel treatment
(Ledeboer et al., 2007). The reason for the differences is not known. For the vincristine
studies, several variables may be involved, including differences in the strain of rats used, a
rat-mouse species difference, and small but nevertheless crucial differences due to dose and
route of administration.
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Ledeboer et al. (2007) used the same paclitaxel dosing protocol that we used and reported
increased Cd11b staining but they did not report any quantification of staining intensity and
they did not detect an increase in Cd11b mRNA levels. Kiguchi et al. (2008) examined
vincristine in the mouse and reported increased staining but they also did not describe any
method for quantification. Sweitzer et al. (2006) examined vincristine in the rat and reported
a “mild” activation, based on a subjective rating scale. With a unilateral nerve injury, the
contralateral side of the section offers an advantageous within-subject comparison that
controls for the many variables that affect immunocytochemical staining intensity. But the
toxic neuropathies are bilateral and comparisons must be between-subjects. Non-quantitative
between-subject comparisons of immunocytochemically stained sections may be unreliable.
Reports of paclitaxel-evoked (Ledeboer et al., 2007) and vincristine-evoked (Sweitzer et al.,
2006) microglial activation in the ventral horn are difficult to understand as these agents
produce a sensory neuropathy; motor effects are either very rare or non-existent. Lastly, we
can not reject the possibility that some of the contradictory findings are due to the use of
different markers of microglial activation. However this seems unlikely because (1) Iba1 and
Cd11b are co-expressed in microglia from normal animals (Ito et al., 1998) and (2)
following traumatic nerve injury, hypertrophic microglia showing increased levels of
phospho-p38 MAPK also show increased levels of both Iba1 and Cd11b (Jin et al., 2003;
Suter et al., 2009; Tsuda et al., 2004; Scholz et al., 2008; Wen et al., 2007; Zhou et al.,
2010).

Low-dose vs. high-dose paclitaxel effects on microglia
Peters et al. (2007a, b) have described Cd11b up-regulation and hypertrophy in the DH of
rats treated with a high-dose paclitaxel protocol (2 X 18 mg/kg, IV; a total dose that is 4.5X
greater than what we used). Their dosing protocol produces massive degeneration of axons
in the sciatic nerve and dorsal roots (Cliffer et al., 1988) and increases expression of
activating transcription factor-3 (ATF-3) in the nuclei of DRG neurons (Jimenez-Andrade et
al., 2006; Peters et al., 2007a, b). In contrast, our low-dose paclitaxel protocol does not
cause degeneration of peripheral nerve axons and does not evoke the ATF-3 signal in DRG
neurons (Flatters and Bennett, 2006).

It may be significant that microglia activation in both the nerve trauma and high-dose
paclitaxel models is associated with extensive degeneration of peripheral nerve axons and
the ATF-3 response in DRG neurons. Gene products associated with ATF-3 transcription
may include the signal(s) that evokes increased Iba1 and CD11b staining and hypertrophy,
and these genes may be activated only in the context of extensive axotomy. As with
paclitaxel, the vincristine and oxaliplatin dosing protocols used here produce a partial
degeneration of IENFs without degeneration of axons in the peripheral nerve (Siau et al.,
2006; Tanner et al., 1998; Topp et al., 2000; Xiao and Bennett, 2010). The relatively minor
and very distal degeneration of terminal arbors produced by the chemotherapeutics is thus
not a sufficient stimulus for microglial hypertrophy and Iba1 up-regulation.

CONCLUSIONS
Our results show that the models of chemotherapy-evoked painful peripheral neuropathies
that we used here do not evoke microglial hypertrophy or Iba1 up-regulation in the spinal
cord dorsal horn. This is clearly different from the robust hypertrophy and Iba1 up-
regulation seen with the painful peripheral neuropathy produced by a traumatic nerve injury
(CCI) and clearly different from the microglial response to a complete nerve transection.
Our results add to a growing body of evidence showing that chemotherapy-evoked painful
peripheral neuropathies are mechanistically different from those evoked by nerve trauma
[Bordet et al., 2008; Xiao and Bennett, 2008; Xiao et al., 2009].
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The chemotherapy models used here produce neuropathic pain, but not Iba1 up-regulation or
microglial hypertrophy. Prior reports have shown that there is no certain relationship
between microglial hypertrophy and Iba1 or Cd11b up-regulation and neuropathic pain
following various traumatic injuries to peripheral nerve and dorsal root (Clark et al., 2007;
Colburn and DeLeo, 1999; Colburn et al., 1997; Colburn et al., 1999; Hashizume et al.,
2000; Winkelstein and DeLeo, 2002).

Minocycline, propentofylline, and ibudilast inhibit microglial responses and have been
shown to block the neuropathic pain produced by paclitaxel and vincristine [reviewed in
(Inoue and Tsuda, 2009; McMahon and Malcangio, 2009; Milligan and Watkins, 2009)].
The data noted above are not necessarily inconsistent with these studies. The drugs may
work on targets other than microglia or they may be blocking a microglial response program
that does not include Iba1 (or Cd11b) up-regulation and hypertrophy.
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Abbreviations

AOI area of interest

ATF-3 activating transcription factor 3

CCI chronic constriction injury

ddC 2′, 3′-dideoxycytidine

DH spinal cord dorsal horn

DRG dorsal root ganglion

IENF intraepidermal nerve fiber

Iba1 ionizing calcium-binding adaptor molecule 1

MAPK mitogen-activated protein kinases

PBS phosphate buffered saline

PBS-T PBS with Triton

VFH von Frey hair

VH spinal cord ventral horn
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Figure 1.
Method for assigning AOI borders. Left: Bright-field image of the lumbar spinal cord
ipsilateral to a sciatic nerve transection showing the limits of the dorsal horn and ventral
horn AOIs. Right: AOIs transferred to the epifluorescence image of the same section
stained for Iba1. Scale bar: 200 μm.

Zheng et al. Page 13

Neuroscience. Author manuscript; available in PMC 2012 March 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Chemotherapy-evoked neuropathic pain. Responses to (A) 4 g von Frey hair stimulus and
(B) 15 g von Frey hair stimulus at baseline and after treatment with paclitaxel, oxaliplatin,
vincristine, and ddC at the time points selected for analysis of microglial responses. Means ±
SEM, n = 4/group. *, ** p < 0.05, 0.01, t-tests vs. pre-baseline).
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Figure 3.
Microglial phenotypes in the medial dorsal horn. A: Microglia in a rat with a sciatic nerve
transection. This is the hypertrophic phenotype, characterized by short, thickened dendrites.
B: Normal microglia in a vehicle-treated control animal. This is the normal phenotype,
characterized by long, thin, and highly ramified dendrites. C, D: Microglia in animals with
paclitaxel-evoked neuropathy (C: D7, one day the last paclitaxel injection; D: D27, 21 days
after the last paclitaxel and the time of peak pain severity). Microglia in animals treated with
paclitaxel, vincristine, oxaliplatin or ddC always had the normal phenotype. Confocal z-
stacks (100X objective, 16–22 0.8 μm thick optical slices). Scale bar: 10 μm.
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Figure 4.
Coronal sections from the L4/L5 spinal cord. (A) Section from a CCI animal. Traumatic
nerve injury evokes a marked increase in Iba1 labeling in microglia in the ipsilateral dorsal
and ventral horns. The side contralateral to nerve trauma lacks hypertrophic microglia and
the staining intensity is indistinguishable from normal. (B) Section from a paclitaxel-treated
animal sacrificed on D14. Neither paclitaxel nor any of the other agents produced any
increase in Iba1 labeling in any region of the spinal cord grey matter. Scale bar: 1.0 mm.
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Figure 5.
Quantification of Iba1 labeling intensity. Percent control optical density values for (top)
dorsal horn and (bottom) ventral horn AOIs. * p < 0.01 vs. own control group.
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