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Patients with diabetic peripheral neuropathy
experience debilitating pain that significantly affects
their quality of life (Abbott et al., 2011), by causing
sleeping disorders, anxiety, and depression (Derma-
novic Dobrota et al., 2014). The primary clinical
manifestation of painful diabetic neuropathy (PDN) is
mechanical hypersensitivity, also known as mechan-
ical allodynia (MA) (Callaghan et al., 2012). MA’s
underlying mechanism remains poorly understood,
and so far, based on symptomatic treatment, it has no
effective therapy (Moore et al., 2014).
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It is believed that chronic neuropathic pain is as-
sociated with the activation of glial cells, which release
both pro-inflammatory as well as anti-inflammatory
factors in dorsal root ganglia (DRG) and the spinal
cord. Mika et al. (2013) have demonstrated that im-
mune factors, such as cytokines and chemokines, play
a crucial role in nociceptive transmission.

Fractalkine (FKN), known as CX3CLI, is the
only member of the CX3C chemokine subfamily, and
it is produced by neurons and astrocytes (Zhao et al.,
2017), while its coupled receptor, CX3CR1, is mostly
present on the surface of microglial cells, within the
dorsal spinal cord. The localization of FKN and its
receptor seems to guarantee an interaction between
neurons and microglia, especially in neuropathic pain
generation. Soluble FKN in combination with CX3CRI1,
activates the proliferation and migration of microglial
cells surrounding the injured area (Lindia et al., 2005;
Milligan et al., 2005; Cao and Zhao, 2008; Dansereau
et al., 2008; Clark et al., 2009; Ji et al., 2016). How-
ever, the possible participation of the FKN/CX3CR1
axis in PDN progression has received little attention.

Thus, this study aimed at investigating altera-
tions in MA by the FKN/CX3CRI1 axis in a strepto-
zotocin (STZ)-induced type 1 diabetes mellitus (T1DM)
mouse model. STZ-induced TIDM mice showed
significantly lower body weight (BW) and higher
fasting blood glucose (FBG) (>11.1 mmol/L) than the
saline-injected controls (Figs. 1a and 1b). Paw with-
drawal thresholds (PWTs) were evaluated weekly
from Weeks 1 to 10 after STZ or saline injection to
monitor their progression in MA. Control diabetic
mice developed MA at Week 2 after the injection of
STZ and remained stable till Week 8, indicating in-
creased sensitivity to mechanical stimulation (Figs. lc
and 1d). Spinal dorsal horn FKN-CX3CR1 protein
expression was detected at different time courses
during the MA period in all groups, and it increased in
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Fig. 1 Changes in body weight (BW), fasting blood glucose (FBG), mechanical paw withdrawal thresholds (PWTs),
and CX3CL1/CX3CR1 expression in diabetic and control C57BL/6 mice

(a, b) Changes of BW and FBG. The diabetic group had a significantly lower BW and higher FBG. ~ P<0.001, vs.
C57BL+saline, two-way ANOVA. (c, d) PWTs on the left and right. Compared with the control mice, the PWTs in the
diabetic mice decreased significantly from Weeks 2 to 8. ™ P<0.001, vs. C57BL+saline, two-way ANOVA. (e, f) Changes
in murine CX3CL1/CX3CR1 expression in different groups. The expression levels of CX3CL1/CX3CRI1 protein in the
bilateral spinal cord were determined from Weeks 1 to 6 and showed upregulation in the diabetic group. * P<0.05, ** P<0.01,
vs. vehicle (veh, C57BL+saline), Student’s #-test. (g, h) Effects of intrathecal injection of RA-CX3CRI1 (TP501) on the
PWTs of diabetic mice. CX3CR1’s negative drug, IgG (5 pg/Lx5 pL), was intrathecally injected into mice at Week 3 after
STZ injection. An evident release in responses to mechanical stimuli was detected after 2 h, which was reduced after 24 h

and showed higher PWTs after injection and constantly lasted for 3 d in the CXCR1 antagonist (TP501; 5 pg/LX5 pL) group.
* P<0.05, ™" P<0.001, vs. C57BL+IgG, two-way ANOVA. (i) Localization of CX3CR1 in the spinal cord of diabetic mice.
Double immunofluorescence labeling showed that CX3CR1 was predominantly colocalized with Ibal. Scale bar=100 pum.

(a—h) Data are expressed as meantstandard error (SE), n=6 per group
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the dorsal horn of the diabetic mice (Figs. le and 1f).
Mice in the diabetic group were then randomly divided
into two subgroups (the rheumatoid arthritis (RA)-
CX3CR1-treated and the IgG-treated diabetic mouse
groups). The CX3CR1 antagonist (5 pg/Lx5 pL) and
its negative drug IgG (5 pg/Lx5 pL) were intrathe-
cally injected into mice at Week 3 after STZ injection.
An evident manifestation of responses to mechanical
stimuli was detected 2 h after injection and continued
up to 24 h. The CX3CRI1 antagonist and the IgG were
consecutively injected for 3 d. After injection, the
RA-CX3CR1-treated mice showed higher PWTs com-
pared with the control group, which lasted for 3 d
(Figs. 1g and 1h). In addition, immunohistochemical
analysis demonstrated the localization and expression
of CX3CR1 in the spinal cord microglia (Fig. 1i).
Furthermore, CX3CR1 knockout (KO) mice in the
STZ-injected group showed delayed PWTs which
were alleviated earlier compared with the STZ-induced
wild-type mouse group (Fig. 2).
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It is accepted that hyperglycemia leads to the
initiation of both overactive microglia and microan-
giopathy. It stimulates the generation of pro-oxidants
(Nishikawa et al., 2000; Guo et al., 2018), advanced
glycation end products (AGEs) (Sugimoto et al., 2008),
reactive nitrogen species, and the polyol pathway
(Zochodne et al., 2000; Oyama et al., 2006), which
induces neurovascular and mitochondrial dysfunction
and finally impairs neuron and microglial functions
(Inoguchi et al., 2000; Cameron et al., 2001; Xu et al.,
2019). The incitement of inflammation signals induces
microglia to then migrate, proliferate, synthesize, and
release pro-inflammatory mediators, such as mitogen-
activated protein kinase (MAPK) and nuclear factor-
kB (NF-kB), among others (Svensson et al., 2005;
Tsuda et al., 2005), to initiate and maintain neuro-
pathic pain by facilitating neuron-glial interactions.

Recently, additional studies have provided evi-
dence that supports the FKN/CX3CRI axis as a major
player in PDN. Rajchgot et al. (2019) proposed that
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Fig. 2 Body weight (BW), fasting blood glucose (FBG), and mechanical paw withdrawal thresholds (PWTs) in dia-
betic and control C57BL/6 and CX3CR1 knockout (KO) mice
(a, b) Changes in BW and FBG in diabetic and control CX3CR1 KO mice. Significant differences in BW and FBG were

observed between diabetic and control CX3CR1 KO mice. =

*P<0.001, vs. CX3CR1 KO+saline, two-way ANOVA.

(c, d) PWTs on the left and right in diabetic and control CX3CR1 KO mice. The PWTs were significantly lower in diabetic

CX3CR1 KO mice from Week 2 and were relieved by Week 8 on the left and Week 10 on the right.
P<0.001, vs. CX3CR1 KO+saline, two-way ANOVA. (e, f) Changes in BW and FBG in diabetic C57BL/6 and CX3CR1
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* P<0.05, " P<0.01,

KO mice. No significant differences were observed in BW or FBG between the C57BL/6 and CX3CR1 KO diabetic groups.
(g, h) PWTs on the left and right in diabetic C57BL/6 and CX3CR1 KO mice. However, the development of MA in diabetic

CX3CR1 KO mice was delayed and lasted a shorter time. ~ P<0.05,

are expressed as meantstandard error (SE), n=6 per group
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multiple molecular mechanisms are involved in the
control of PDN. Using STZ-induced diabetic Sprague-
Dawley rats, Yao et al. (2017) demonstrated increases
in interleukin-1p (IL-1pB) and tumor necrosis factor-a
(TNF-a) in the spinal dorsal horn, indicating that
these cytokines are actually involved in the PDN
process. Souza et al. (2013) pointed out that FKN was
a link between peripheral inflammation and satellite
glial cell activation, which generates inflammatory
pain. However, the role of the FKN/CX3CR1 axis in
PDN, especially in STZ-induced TIDM mouse MA,
remains poorly understood.

Badr et al. (2012) observed, using blood tests,
that soluble FKN was significantly downregulated in
STZ-induced diabetic mice during the wound healing
period compared with the control group. Contrarily,
Kiyomoto et al. (2013) observed that the complete
Freund’s adjuvant (CFA) injection-induced trapezius
muscle inflammation resulted in a significant increase
in FKN, but not in CX3CR1, during the MA period,
indicating that FKN might directly participate in the
process of trapezius muscle inflammation pain. These
differences might mainly be due to its different mecha-
nisms of action in the nervous and immune systems.

This study has some limitations that ought to be
considered. Lee et al. (2013) illustrated that CX3CR1
KO mice showed reduced insulin secretion, which can
gradually lead to impaired glucose tolerance. How-
ever, our experiment employed an STZ-induced T1DM
mouse model to reduce continuous hyperglycemia
interference, which led to some inevitable interfer-
ence. In addition, CX3CR1 KO mice may have im-
mune system dysfunction, which can weaken the
mice, especially after STZ injection, and might partly
reduce mechanical stimulus reflection and, unavoid-
ably, partially affect experimental results. Further-
more, Zhang et al. (2015) illustrated that the FKN/
CX3CR1 axis also participates in the development of
a 2,4-dinitrofluorobenzene (DNFB)-induced itch. A
number of scratches were significantly reduced at the
third day after a polyclonal FKN antibody was sub-
stituted, which indicates the need to further investi-
gate the role of FKN/CX3CRI in diabetic pruritus.

MA in our STZ-induced TIDM mouse model
was mediated by spinal FKN/CX3CR1, and CX3CR1
inhibition could significantly attenuate it. Thus, FKN/
CX3CR1 plays a pivotal role in the initiation and
development of MA and might be an effective cellular
target for the future treatment of PDN.
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