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Abstract 

 

Pleiotrophin (PTN) is a growth factor that exhibits neurotrophic actions and is 

upregulated at sites of nerve injury. Upregulation of PTN levels in injured dorsal root 

ganglion (DRG) correlates with decreased mechanical allodynia and faster recovery 

from Chronic Constriction Injury (CCI) of the rat sciatic nerve. Despite the evidence 

pointing to a role of PTN in the development of chronic pain, the role of this 

neurotrophic factor in pain transmission has not been assessed in acute pain models. We 

have now studied the behaviour of PTN genetically deficient (PTN-/-) and wild type 

(WT+/+) mice in the hot-plate and tail-immersion tests. We found that basal central 

pain responses do not differ between PTN-/- and WT+/+ mice in the hot-plate test. Very 

interestingly, basal latencies to a tail flick were significantly increased in PTN-/- mice 

as assessed in the tail-immersion test. It was also aimed to evaluate morphine-induced 

analgesia in PTN-/- and WT+/+ mice. We did not find differences among genotypes 

using a high dose of morphine (10 mg/kg) in the hot-plate test, reaching this dose the 

analgesia peak 25 minutes after injection (i.p.) and returning to almost basal values 125 

minutes after injection. In contrast, we found that an intermediate dose of morphine (5 

mg/kg) significantly delayed pain responses in PTN-/- mice compared to WT+/+ mice 

in both the hot-plate and tail-immersion tests. The data strongly suggest that PTN is of 

critical importance for pain processing at the spinal level and, furthermore, that 

endogenous PTN modulate morphine-induced analgesic effects in mice. 
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1. Introduction 

Pleiotrophin (PTN), also known as heparin binding growth-associated molecule 

(HB-GAM), is a 136 amino acid cytokine (Deuel et al., 2002; Li et al., 1990; Milner et 

al., 1989) that shares over 50% identity in amino acid sequence with midkine (MK), the 

only other member of the PTN/MK developmentally regulated gene family (Kadomatsu 

et al., 1988; Milner et al., 1989). Both PTN and MK have been found to play important 

roles in the development of the nervous system through their actions on neuronal 

differentiation (see for example review by Herradon and Ezquerra, 2009). In addition, it 

has been hypothesized that both PTN and MK may play important roles on survival of 

different cell types and wound repair since both cytokines are upregulated at sites of 

injury and repair in inflammatory macrophages, microglia, dermal fibroblasts, 

endothelial cells and other cells (Blondet et al., 2005; Kikuchi-Horie et al., 2004; Mi et 

al., 2007; Sakakima et al., 2004; Yeh et al., 1998; Herradon et al., 2009).  

In the central nervous system, PTN has been found to be a key factor for 

survival of the injured dopaminergic neurons in vitro and in vivo (Hida et al. 2003; Jung 

et al. 2004; Hida et al. 2007; Gramage et al., 2010b), results that became promising 

when PTN was found to be significantly upregulated in the substantia nigra of patients 

with Parkinson´s disease (Marchionini et al., 2007). Interestingly, the role of PTN in 

wound repair in the periphery has been recently linked to its potential role in the 

guidance of neural axon regeneration in peripheral nervous system and muscle 

reinnervation (Jin et al., 2009). This is supported by the ability of PTN to promote 

regeneration of peripheral nerve axons after sciatic nerve transection (Mi et al., 2007). 

These actions of PTN in nerve repair could potentially be involved in the regulation of 

pain transmission in chronic states. For instance, higher levels of expression of PTN in 
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the dorsal root ganglion (DRG) of rats with chronic constriction injury (CCI) of the 

sciatic nerve correlate with decreased mechanical allodynia and faster recovery from 

CCI (Ezquerra et al., 2008). These evidences have led to the hypothesis that PTN may 

be important for the function of the spinal cord nociceptive neurons (Jin et al., 2009) 

and, thus, it may be an important factor in spinal pain processing. However, despite the 

existing evidences, the role of PTN in nociception has not been assessed in acute pain 

models directed to assess pain processing at either supraspinal or spinal level. To fill 

this gap in knowledge, we have now studied the behaviour of PTN genetically deficient 

(PTN-/-) and wild type (WT+/+) mice in the hot-plate and tail-immersion tests. In 

addition, we also aimed to evaluate morphine-induced analgesia in PTN-/- and WT+/+ 

mice in these tests. 
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2. Materials and Methods 

 Pleiotrophin knockout (PTN-/-) mice were kindly provided by Dr. Thomas F. 

Deuel (The Scripps Research Institute, La Jolla, CA). PTN-/- mice were generated on a 

129/Ola x C57BL/6J background by deleting exons 2 to 4 as recently described (Del 

Olmo et al., 2009; Gramage et al., 2010a). In these studies we used 8 weeks old (20-25 

g) female PTN-/- and WT+/+ mice. The genotypes of the PTN-/- mice were confirmed 

by polymerase chain reaction as previously described (Ezquerra et al., 2004). PTN-/- 

mice have been shown to be viable and fertile and lack gross anatomical abnormalities 

(Amet et al., 2001). All the animals used in this study were maintained according to 

European Union Laboratory Animal Care Rules (86/609/ECC directive).  

 

2.1. Hot-plate test. 

 To asses supraspinal nociceptive responses in both PTN-/- and WT+/+ mice, we 

used the hot-plate test. A metal hot-plate was maintained at either 53 ± 0.5°C or 55 ± 

0.5°C. The time to when the mouse first exhibited nocifensive behaviour (licked its hind 

paw or jumping) was determined. The cutoff time for the first sign of nocifensive 

behaviour was 75 s in the case of the assays carried out at 53ºC and 30 s in the case of 

the assays carried out at 55ºC. 

 To study the effect of morphine on hot-plate response, saline (10 ml/kg) or 

morphine sulphate (Alcaliber, Madrid, Spain) were administered intraperitoneally (2.5, 

5 and 10 mg/kg) after testing the baseline response for the hot-plate maintained at 53 ± 

0.5°C. In additional studies, we also tested the baseline responses for the hot-plate 

maintained at 55 ± 0.5°C (n = 9/strain) in order to determine possible differences 

between genotypes depending on heat stimulus. To study the time course of the effect of 
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morphine, the hot-plate latency was recorded 25, 75 and 125 min after morphine (or 

saline, as a control) injection. Total number of animals used in every experimental 

group was as follows:  

Saline (10 ml/kg): WT+/+, n = 24; PTN-/-, n = 18. 

Morphine (2.5 mg/kg): WT+/+, n = 13; PTN-/-, n = 10. 

Morphine (5 mg/kg): WT+/+, n = 14; PTN-/-, n = 8. 

Morphine (10 mg/kg): WT+/+, n = 12; PTN-/-, n = 11. 

 

2.2. Tail-immersion test. 

 To asses spinal nociceptive responses in both PTN-/- and WT+/+ mice, we used 

the tail-immersion test. First, the latency to a rapid tail-flick in a bath maintained at 50 ± 

0.5ºC was registered in PTN-/- and WT +/+ mice (n = 5/strain) with a cutoff latency of 

20 s to prevent tissue damage. Whereas WT+/+ mice showed normal baseline responses 

to the heat stimulus (~ 10 s), 4 of the 5 PTN-/- mice used in this study reached the cutoff 

latency of 20 s.  

 To study the effect of morphine on tail-immersion responses we used a bath 

maintained at a temperature of 55 ± 0.5ºC. We used the dose of morphine (5 mg/Kg) 

that provided pronounced differences concerning morphine analgesic effects between 

the mouse genotypes in the previously performed hot-plate test (see results section). 

Saline (10 ml/kg) or morphine sulphate (5 mg/kg) were administered i.p. after testing 

the baseline responses for the tail-immersion test using a cutoff latency of 15 s to 

prevent tissue damage. As shown in the results section, around 60% of the PTN-/- mice 

(n = 32) used in this study reached the cutoff value (15 s) in basal conditions. 

Importantly, none of the WT+/+ mice (n = 17) used reached the designated cutoff value. 

As a result, only the rest of PTN-/- mice that showed normal basal responses under the 
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designated cutoff value were used to assess morphine analgesic effects. To study the 

time course of the antinociceptive effect of morphine, the tail flick latency was recorded 

25, 50, 75 and 125 min after morphine (or saline, as a control) injection. Total number 

of animals used in every experimental group was as follows:  

Saline (10 ml/Kg): WT+/+, n = 7; PTN-/-, n = 5. 

Morphine (5 mg/kg): WT+/+, n = 10; PTN-/-, n = 8. 

 

2.3. Statistical Analysis. 

 The statistical significance of changes after every dose of morphine (or saline) 

injection was determined by 2-way ANOVA considering as factors the genotype (PTN-

/- and WT+/+) and time point after injection. Bonferroni's post hoc tests were used to 

detect the sources of group differences revealed by the ANOVAs. Area under the curve 

values obtained from PTN-/- and WT+/+ mice, and basal values of both genotypes were 

analyzed using student’s t test. P < 0.05 was considered statistically significant. 
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3. Results 

3.1. Hot-plate test. 

 In the studies directed to assess morphine-induced antinociceptive effects in the 

hot-plate maintained at 53 ºC, we first analyzed together basal values from mice from 

both genotypes used in all experiments performed (WT+/+, n = 63; PTN-/-, n = 47). The 

latency to the first sign of nocifensive behaviour in PTN-/- mice was found to be 

essentially similar to that recorded in WT+/+ mice (Fig. 1A). We also assessed baseline 

responses of PTN-/- mice and WT+/+ mice (n = 9/strain) to the hot-plate maintained at 

55 ºC, determining again similar latencies between both genotypes (Fig. 1B). 

Nociceptive responses after saline administrations were not altered compared to 

baseline values of either strain (Fig. 2A). Differences between PTN-/- and WT+/+ mice 

were clearly observed after the intermediate dosage of morphine used (5 mg/kg; Fig. 

2C). At this dose, two-way ANOVA showed significant effects of the genotype (F(1, 

80) = 11.89; P = 0.0009) and significant effects of time (F(3, 80) = 12.58; P < 0.0001)). 

Interestingly, except for the lowest dose of morphine used (2.5 mg/kg), which only 

caused modest antinociceptive effects (Fig. 2B), the analgesic effect of morphine was 

maximal at 25 min after morphine injection and was dose-dependent (Fig. 2). 

Considering alone the 25 min time point, we found that morphine (5 mg/kg) exerts 

significantly enhanced analgesic effects in PTN-/- mice compared to WT+/+ mice (Fig. 

2C) whereas a higher dose of morphine (10 mg/kg) almost achieved maximum 

analgesic effects in both strains in a similar manner (Fig. 2D).   

 To better analyze these differences between WT+/+ and PTN-/- mice treated 

with morphine, we calculated the areas under the curves (AUC). We found a 
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significantly higher AUC value only in PTN-/- compared to WT+/+ mice treated with 5 

mg/kg morphine (Fig. 3). 

   

3.2. Tail-immersion test. 

 First, we assessed baseline responses of PTN-/- and WT+/+ mice (n = 5/strain) 

to the tail-immersion test using a bath maintained at 50 ± 0.5 ºC. PTN-/- mice showed a 

significantly delayed latency to a tail-flick compared to WT+/+ mice (Fig. 4A). More 

importantly, it has to be noted that 4 of the 5 PTN-/- mice used reached the 

experimental cutoff time (20 s) whereas none of the 5 WT+/+ mice used reached cutoff 

value. In the studies designed to test morphine antinociceptive effects, we aimed to use 

a higher bath temperature (55 ± 0.5 ºC). Taking together the basal values of all mice 

from both strains used in the studies assessing morphine effects, we found that PTN-/- 

mice still exhibited significantly delayed pain responses (Fig. 4B) compared to WT+/+ 

mice and, interestingly again, 19 of the 32 PTN-/- mice used reached the experimental 

cutoff time (15 s). Again, none of the 17 WT+/+ mice used reached cutoff values. 

 To evaluate morphine (and saline, as control)-induced analgesia in this test in 

PTN-/- mice, we only used the 13 PTN-/- mice that showed latencies under the cutoff 

value in the bath maintained at 55 ± 0.5 ºC. Interestingly, the basal latencies of these 

PTN-/- mice were only slightly, not significantly, higher than those of the WT+/+ mice 

(Fig. 5). Nociceptive responses after saline administrations were not altered compared 

to baseline values of either genotype (Fig. 5A). Differences between PTN-/- and WT+/+ 

mice were clearly observed after morphine (5 mg/kg) administration (Fig. 5B). In this 

case, two-way ANOVA showed significant effects of the genotype (F(1, 80) = 39.99; P 

< 0.0001) and significant effects of time (F(4, 80) = 11.14; P < 0.0001)). Twenty five 

and 50 minutes after morphine administration, PTN -/- mice exhibited very significant 
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increases in their latencies compared to WT+/+ mice (Fig. 5B). As expected, we also 

found a significantly higher AUC value in PTN-/- compared to WT+/+ mice treated 

with 5 mg/kg morphine (Fig. 5C). 
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4. Discussion 

 The present study reveals for the first time that PTN deficiency does not 

influence pain processing at the supraspinal level but critically alters spinal pain 

processing. In the hot-plate test, the nocifensive behaviour involves licking, flinching 

and head, trunk and limb coordination. Compared to the spinal reflexive behaviours 

measured by other acute pain models such as the tail withdrawal test, these behaviours 

are more complex, organized and unlearned behaviours and involve purposeful actions 

requiring supraspinal sensory processing, being all these qualities apparently unaffected 

in PTN-/- mice. In contrast, when the less complex spinal reflexive behaviour is 

evaluated using the tail-immersion test, striking differences are observed in mice 

lacking endogenous PTN. Around 60 % of the PTN-/- mice used in these experiments 

were unresponsive to the highest heat stimulus used (55ºC) in our experimental 

conditions. Since, in some cases, hypoalgesia observed in genetically altered mice using 

this same test has been found to be dependent on the intensity of the stimulus used (see 

for example Ferré et al., 2007), we performed studies at different temperatures. Our data 

suggest that hypoalgesia observed in mice lacking endogenous PTN is not dependent on 

the intensity of the stimulus used.  

 Interestingly, it was previously found that higher levels of expression of PTN in 

DRG of rats with chronic neuropathic pain correlate with a faster recovery and reduced 

allodynic and hyperalgesic symptoms (Ezquerra et al., 2008), suggesting an important 

role of PTN in the control of chronic pain states. In contrast, the data presented here 

suggest that PTN is not involved in pain transmission at the supraspinal level in acute 

pain states. However, absence of endogenous PTN seems to lead to a very impressive 

hypoalgesia when spinal nociceptive transmission is tested, suggesting PTN is critical 
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for normal pain processing at the spinal level. Although these evidences suggest 

opposite roles of PTN in chronic and acute pain states, it seems reasonable to think that 

attenuation of chronic neuropathic pain responses could result from the neurotrophic 

actions of PTN after injury (Mi et al., 2007) and its capacity to form functional 

neovasculature in the injured area (Christman et al., 2005), functions of PTN that should 

not influence acute pain responses.  

 The data presented here clearly support that PTN plays a critical role in 

activating pain processing at the spinal level and, thus, suggest the different molecules 

involved in the signaling pathways initiated by PTN as potential drug targets for pain 

treatment. Pleiotrophin binds the Receptor Protein Tyrosine Phosphatase (RPTP)β/ζ 

(Meng et al., 2000; Fukada et al., 2006), causing the inactivation of its phosphatase 

activity. As a result, PTN induces significant increases in the tyrosine phosphorylation 

levels of the different substrates of RPTPβ/ζ identified so far, β-catenin (Meng et al., 

2000), β-adducin (Pariser et al., 2005a; Pariser et al., 2005b), Fyn (Pariser et al., 2005c), 

p190 RhoGAP and membrane-associated guanylate kinase, WW, and PDZ domain 

containing 1 (Fukada et al., 2005) and GIT1/Cat-1 (Kawachi et al., 2001). Anaplastic 

lymphoma kinase (ALK), another proposed receptor for PTN (Stoica et al., 2001), has 

been shown as a substrate of RPTPβ/ζ (Perez-Pinera et al., 2007). Studies directed to 

clarify the possible contribution of each of these substrates and the receptor RPTPβ/ζ to 

the PTN mediation of pain processing at the spinal level could result in very significant 

contributions to the field in the near future. 

 We also found that the antinociceptive effect of morphine was dose-dependent in 

both PTN-/- and WT+/+ mice in the hot-plate test. Differences concerning morphine-

induced analgesia were found at an intermediate dose (5 mg/kg) that caused greater 

analgesia in PTN-/- mice compared to WT+/+ mice. In contrast, morphine at a dose of 
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10 mg/kg almost reached experimental cutoff time in both PTN-/- and WT+/+ mice 25 

minutes after the administration of the drug, suggesting this dose is too high to reflect 

strain differences. Interestingly, when morphine (5 mg/kg) analgesic effects were tested 

on the tail-immersion test, we found greater analgesic effects of morphine in PTN-/- 

mice compared to WT+/+ mice. These data may be important since they identify, for 

the first time, PTN as an endogenous modulator of morphine-induced analgesic effects 

at both spinal and supraspinal levels. 

 It is interesting to note that the endogenous expression of another neurotrophic 

factor, brain-derived neurotrophic factor (BDNF), is key for morphine-induced 

plasticity of noradrenergic neurons (Akbarian et al., 2002) which could be important for 

morphine to trigger descending inhibitory pathways in the control of pain transmission 

(Millan, 2002). Our results strongly support the novel neurotrophic factor PTN as 

another important regulator of morphine-induced analgesic effects. Our data also 

suggest that individual differences in the expression levels of PTN could potentially 

underlie some of the well-documented differences concerning the efficacy of morphine 

to induce satisfactory analgesic effects in humans (for a review see Smith, 2008). 

 In summary, the data presented here suggest a critical role of PTN in acute pain 

transmission at the spinal level. Furthermore, the data identify previously unexpected 

roles of endogenous PTN in the modulation of morphine-induced analgesia at the spinal 

and supraspinal levels. 
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6. FIGURES 

 

Fig. 1. Basal nociceptive behavioural responses of WT+/+ and PTN-/- mice in the 

hot-plate test. Analysis using student’s t test did not show statistical differences 

between genotypes (P (53ºC) = 0.61; P (55ºC) = 0.35). Data show mean ± SEM. 

 

Fig. 2. Comparison of nociceptive behavioural responses and the antinociceptive 

effect of morphine in WT+/+ and PTN-/-mice. Results from hot-plate maintained at 
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53 ºC are shown. The effects of saline administration used as a control (A) and the 

analgesic effects of morphine at a dose of 2.5 mg/kg (B), 5 mg/kg (C) and 10 mg/kg (D) 

on the hot-plate test are shown as a function of time. Data show mean ± SEM. * P < 

0.05 vs. WT+/+. 

 

Fig. 3. Comparison of nociceptive behavioural responses and the antinociceptive 

effect of morphine in WT+/+ and PTN-/- mice. Results from hot-plate maintained at 

53 ºC are shown. Area under the curve (AUC) values for WT+/+ and PTN-/- mice 
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treated with morphine (2.5, 5 and 10 mg/kg) are compared. Data show mean ± SEM. * 

P < 0.05 vs. WT+/+. 

 

Fig. 4. Basal nociceptive behavioural responses of WT+/+ and PTN-/- mice in the 

tail-immersion test. Analysis using student’s t test revealed statistical differences 

between genotypes (P (50ºC) = 0.003; P (55ºC) < 0.0001). Data show mean ± SEM. 
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Fig. 5. Comparison of nociceptive behavioural responses and the antinociceptive 

effect of morphine in WT+/+ and PTN-/-mice. Results from tail-immersion test using 

a bath maintained at 55 ºC are shown. The effects of saline administration used as a 

control (A) and the analgesic effects of morphine at a dose of 5 mg/kg (B) on the tail-

immersion test are shown as a function of time. Area under the curve (AUC) values for 

WT+/+ and PTN-/- mice treated with morphine (5 mg/kg) are also compared (C). Data 

show mean ± SEM. ** P < 0.01 vs. WT+/+, *** P < 0.001 vs. WT+/+. 


