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RELAZIONE:  
Chemotherapy Induced Peripheral Neuropathy (CIPN) is one of the most frequent and disabling forms of 
neuropathic pain and it represents a dose-limiting side effect of several antineoplastic agents. Up to now 
there are no valid treatments to cure it and the main consequence is dose reduction or cessation, thus 
leading to cancer-related mortality increase. 
Even if mechanisms at the basis of CIPN have not been fully understood yet, improvements have been 
made by using animal models. Studies have suggested that CIPN is a multifactorial pathology in which 
several factors are known to play.  These include: mithocondrial toxicity and oxidative stress, ion channels 
alterations and neuroinflammatory processes (Ferrier et al., 2013). Pathological interactions between 
neurons, immune inflammatory cells, glial and microglia cells are the basis of its development, and in this 
network cytokines and chemokines  have a pivotal role in the initiation and persistence of pain (Sacerdote 
et al., 2013; Sommer & Kress 2004).  
Among chemokines, Prokineticins have an important role in immunomodulation, inflammation and in the 
development of different experimental neuropathic conditions such as  chronic constriction injury (CCI-
model) (Lattanzi et al., 2015) and diabetic neuropathy (STZ-model) (Castelli et al., 2016). In humans and 
rodents Prokineticin-1 (PK1) and Prokineticin-2 (PK2) (Negri et al., 2007) are ligands of two metabotropic 
receptors known as PKR1 and PKR2 (Masuda et al., 2002; Soga et al., 2002). PK1, PK2 and their receptors 
are expressed by the immune cells (i.e. granulocytes, macrophages, lymphocytes) and in the main stations 
of pain transmission (i.e. brain, spinal cord, dorsal root ganglia, nerves). 
It has been demonstrated that PK2 acts on macrophages and induces a pro-inflammatory profile by 
stimulating IL-1 and IL-12 production and by inhibiting the IL-10 release (Franchi et al., 2008), which can 
lead to reduced nociceptive thresholds to thermal and mechanical stimuli (Negri et al., 2006; Giannini et al., 
2009). Furthermore, in some nervous regions associated with pain, there is a colocalization of PKRs and 
TRPV receptors, and a lot of neurons that respond to PK2 express and release CGRP and substance P 

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

(Vellani et al., 2006; De Felice et al., 2012). Moreover, our previous data demonstrated a key role of the PK 
system in development of painful symptoms in several mouse models of neuropathic pain (CCI/STZ-model). 
Given these premises, it can be hypothesized that this system may be an important player also in CIPN. For 
this reason the present study has the purpose to investigate the involvement of Prokineticin system in the 
development and maintenance of CIPN. 
CIPN was induced in mice by the administration of two different chemotherapeutic agents commonly used 
in oncology: Bortezomib (BTZ), the first of a new class of agents that inhibit the 26s complex of proteasome 
favouring apoptosis of cancer cells , and Vincristine (VCR), the most neurotoxic drug among Vinka Alkaloids. 
Although the drugs have different mechanisms of action, they are both related to CIPN development. 
Male mice 9 weeks old of the C57BL/6J strain were used in the experiments. Based on the most common 
protocols used in literature, CIPN was induced in mice through the administration of Bortezomib, 
intraperitoneally injected (i.p.) 0.4mg/kg, 3 times a week for 4 consecutive weeks (cumulative dose, c.d., 
4,8 mg/kg), or Vincristine 0,1mg/kg, i.p.injected daily for 14 consecutive days (c.d. 1,4 mg/kg) (Boehmerle 
et al., 2014; Kiguchi et al., 2008). Control mice were injected with the vehicle. 
Allodynia, a painful response to innocuous stimuli, is one of the most frequent symptom of CIPN both in 
humans and rodent models and for this reason mechanical and thermal allodynia were monitored 
respectively by using Dynamic Plantar Aesthensiometer and Acetone Drop Test. Since in patients sensory 
alterations associated to CIPN are multiple, we also monitored in the animals the development of thermal 
hyperalgesia, an increased pain perception of painful stimuli, by using Plantar test. All behavioural tests 
were performed before and after neuropathic induction by the two chemotherapeutic agents.  
Both BTZ and VCR were able to induce rapid and dose-related painful response to mechanical and thermal 
stimuli. Hypersensitivity was maintained for the whole duration of chemotherapeutic treatments. In order 
to unveil the involvement of the prokineticin system in CIPN we applied a pharmacological approach, using   
PC1, a non peptidic antagonist of PK receptors. In presence of a well established hypersensitivity, we 
started a therapeutic treatment with PC1: 14 or 7 days after the 1st BTZ or VCR administration, 
respectively. The antagonist  was subcutaneously injected at the dose of 150μg/Kg, twice daily until the end 
of the chemotherapy schedule. 
 
PC1 was able to rapidly contrast the neuropathic condition. In fact, chronic treatment with PC1 was able to 
significantly ameliorate all tested painful symptoms in mice treated either with BTZ or VCR . At the end of 
BTZ/PC1 and VCR/PC1 treatments, 28 and 14 days after the 1st BTZ/VCR administration, mice were 
sacrificed and tissues collected for the biochemical analysis. 
 
PK system expression levels were analysed in the main stations involved in nociceptive transmission: sciatic 
nerve, Dorsal Roots Ganglia (DRG) and spinal cord. At the end of chemotherapy schedule, in these tissues,  f 
both in  BTZ and VCR-mice it was present a generally upregulation of the PK system (PK2 and its receptors). 
In BTZ-mice, 28 days after the first BTZ administration, we observed a significantly increase of PK2 in all 
nervous tissues while the PKR1 and PKR2 levels were up-regulated only in DRG and spinal cord.  
PC1-treatment was able to normalize PK2 levels in all tissues analyzed and, to significantly decrease levels 
of PKR1 in both DRG and spinal cord, while  PKR2 levels were normalized  by PC1 treatment only in spinal 
cord. In VCR-mice, 14 days after the first VCR administration, all PK system appears altered both in DRG and 
spinal cord, and PC1- treatment was able to significantly decrease PK2, PKR1 and PKR2 levels. 
 
Since Prokineticins are considered as a bridge between neuronal components and immune cells, and it was 
demonstrated that cytokine modulation is necessary for experimental neuropathic pain treatment 
(Sacerdote et al., 2013), we analyzed, in the same nervous tissues, expression levels (RT-PCR) of different 
cytokines which are known to be involved in pathological pain processes. Peripheral nervous system (DRG 
and sciatic nerve) of BTZ-mice showed a generally pro-inflammatory profile, characterized by high levels of 
TNF-α, IL-6 and IL-1β. In central nervous system (spinal cord), we measured high IL-1β levels and low IL-10 
levels while we did not observe alterations in TNF-α nor IL-6. PC1 administration was able to normalize 
altered cytokine levels in all analyzed tissues. Also VCR-mice showed a pro-inflammatory profile both in the 
peripheral and central nervous system, with higher levels of IL-1β, IL-6 and TNF-α in DRG and spinal cord 
and lower levels of IL-10 only in DRG. PC1 treatment was able to restore a correct cytokine balance, 
decreasing pro-inflammatory cytokines levels and increasing IL-10 levels. 
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Since it is known that the recruitment and infiltration of macrophages in DRG plays a key role in the 
development of CIPN and that PK2 is able to induce macrophage to migrate and to acquire a pro-
inflammatory phenotype, and given the presence of high levels of cytokines that are commonly produced 
by these cells, we decided to evaluate expression levels of CD68 (Cluster of Differentiation 68) which is 
routinely used as a marker of inflammation with the involvement of macrophages (Chistiakov et al., 2017) 
and of TLR4 (Toll Like Receptor 4) that is frequently increased in inflammatory conditions. Bortezomib 
induced an upregulation of CD68 expression levels in all nervous tissue and also TLR4  expression in BTZ-
mice significantly differed from CTR. The antagonist treatment decreased CD68 and TLR4 expression levels 
in sciatic nerve, DRG and spinal cord. Also VCR treatment was able to significantly increase TLR4 and CD68 
levels in DRG and spinal cord; PC1 treatment decreased TLR4 levels in both tissues and CD68 only in DRG. 
 
To assess the presence of a possible tissue damage in the CINP models, we tested mRNA levels of Activating 
Transcription Factor (ATF3), an adaptive response gene whose activity is usually regulated by stressful 
stimuli. DRG, sciatic nerve and spinal cord of CIPN-mice were characterized by an increase in ATF3 
expression, indicating the presence of tissue injury and/or cell stress since it is known that ATF3 expression 
levels are physiologically very low in nervous tissues (Hunt et al., 2012). PC1 treatment was able to reduce 
altered levels of ATF3 both in sciatic nerve and spinal cord. 
 
Furthermore,  in the perspective of  translating our results to the clinic, we measured the Prokineticin 2 
protein levels in serum samples of CIPN-mice, because it can give us an idea of the general inflammation 
present in mice using blood, an accessible tissue also in human. In fact, up to now there are no clinical 
markers used for the diagnosis of CIPN, which is assessed mainly by self-reported pain scale and 
questionnaires, that are highly personal.  A biochemical marker could be useful in order to have an 
objective parameter, which could be associated to pain scale. Our results show how, at the end of 
chemotherapy schedule (28 and 14 days after 1st BTZ or VCR treatment, respectively), PK2 protein levels 
increase in serum samples of CIPN-mice.  
 
These results indicate that Prokineticin system is largely involved in the development and maintenance of 
CIPN induced by both BTZ and VCR, and that its antagonism, through the administration of PC1, is effective 
in contrasting the painful condition associated with chemotherapeutic treatments as well as promoting 
protection from neuroinflammation. 
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