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Summary

The neuropathic pain phenotype is the consequence of functional and morphological 

reorganization of the PNS and CNS. This reorganization includes DRGs and the spinal cord, and 

extends to multiple supraspinal areas including the limbic and reward systems. Several recent 

papers show that acute manipulation of cortical and subcortical brain areas causally correlates with 

the cognitive, emotional and sensory components of neuropathic pain, yet mechanisms responsible 

for pain chronification remain largely unknown. Here we show that nucleus accumbens expression 

of ΔFos-B, a transcription factor that plays a critical role in addiction and in the brain response to 

stress, is reduced long term following peripheral neuropathic injury. Conversely, boosting ΔFos-B 

expression in the nucleus accumbens by viral transfection causes a significant and long-lasting 

improvement of the neuropathic allodynia. We suggest that ΔFos-B in the nucleus accumbens is a 

key modulator of long term gene expression leading to pain chronification.
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Chronic pain is a major public health concern with enormous socio-economic costs, 

estimated to reach up to $635 billion annually (Institute of Medicine Committee on 

Advancing Pain Research. Washington, DC: National Academies Press (US); 2011). Over 

the past 50 years, work on several animal models has importantly advanced our 

understanding of the pathophysiology of chronic pain, revealing chronic pain-associated 

cellular and molecular alterations at the level of the DRG neurons, the spinal cord and the 

brainstem 123. However, it is only over the last 10-15 years that work in human patients as 

well as in animal models has shown that the CNS re-arrangement in chronic pain also 
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includes the forebrain 4567. Strong evidence now shows that supraspinal areas not only 

undergo important reorganization in chronic pain, but also have a causal role in the multiple 

aspects of the chronic pain phenotype 891011. Accordingly, numerous papers show functional 

and morphological alterations in several non-somatosensory brain areas across various pain 

models 12613141516. The nucleus accumbens (NAc) is a key structure in the reorganization of 

the brain networks in neuropathic pain condition. Inactivation of the nucleus accumbens 

attenuates pain in different neuropathic pain models,1718. Decreased motivation in the 

chronic pain state was shown to be associated with long term depression of synapses on D2-

expressing neurons in the NAc core 8. Importantly, both direct optogenetic activation of the 

mPFC terminals within the NAc 919 and chemogenetic manipulation of D2-expressing spiny 

neurons in the NAc shell 11 affect pain perception in neuropathic pain animals. Thus, NAc 

activity is critical for the pain phenotype. The transition of pain from an acute, adaptive 

condition to a chronic, maladaptive one continues for months after injury and is associated 

with widespread long term changes in brain gene expression 20. Among the several 

transcription factors that are known modulators of gene expression in the NAc, ΔFos-B is 

particularly intriguing. Contrary to other members of the Fos family, ΔFos-B is very stable 

with some isoforms having half-lives of more than 200 hours 21. Additionally, ΔFos-B 

promotes spine growth 22, a common mechanism underlying synaptic plasticity 23 and it is 

strongly induced in the striatum in response to several different chronic stimulations 

including drug abuse and stress 24. Thus, we hypothesized that ΔFos-B is implicated in the 

long-term regulation of gene expression in the NAc in response to peripheral neuropathic 

injury. Here we show that ΔFos-B expression in the nucleus accumbens is decreased over the 

long-term following neuropathic injury and that virally-driven ΔFos-B overexpression in the 

NAc causes a significant long-term improvement in tactile allodynia.

Materials and Methods

Animals.

Adult male Sprague Dawley rats (Harlan, Indianapolis, IN; 200 – 250g) were used 

throughout the experiments. Animals were housed on soft bedding in groups of three per 

cage on a 12-h light/dark cycle in a temperature-controlled environment (21 ± 2°C) with 

food and water available ad libitum. For all animals, handling and testing were performed 

during the light period. To minimize stress, they were handled regularly before injury and 

before behavioral testing. All experimental procedures were approved by the Northwestern 

University Institutional Animal Care and Use Committee and all efforts were made to 

minimize the number of animals used and their suffering.

Spared Nerve Injury (SNI).

SNI was used as an animal model of persistent peripheral neuropathic pain 25. Animals were 

anesthetized with isoflurane (1.5 −2%) and a mixture of 30% N2O and 70% O2. The sciatic 

nerve of the left hind leg was exposed at the level of trifurcation into the sural, tibial, and 

common peroneal nerves. The tibial and common peroneal nerves were tightly ligated and 

severed, leaving the sural nerve intact. Animals in the sham injury group served as the 

control as their sciatic nerves were exposed, as in the SNI procedure, but they received no 

further manipulations.
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Behavioral testing.

Tactile sensitivity of the hind paw was measured using withdrawal responses to a series of 

von Frey filaments as previously described 26. Animals were placed in a Plexiglass box with 

a wire grid floor and allowed to habituate to the environment for 10 – 15 minutes. Von Frey 

filaments of varying forces (Stoelting Co, USA) were applied to the lateral part of the 

plantar surface of the hind paw. Filaments were applied in either ascending or descending 

strengths to determine the filament strength closest to the hind paw withdrawal threshold. 

Each filament was applied for a maximum of 2 seconds at each trial; paw withdrawal during 

the stimulation was considered a positive response. Given the response pattern and the force 

of the final filament, 50% response threshold (in grams) was calculated.

Cold allodynia was tested by applying 1 drop (about 0.1 ml) of acetone solution on the 

injured hind paw. Rats were then observed for 5 min and we measured the duration of their 

withdrawal reaction, which was then converted to a 0–4 scale.

Behavioral tests were conducted on three different animal groups. The first group included 

the same animals described in Chang et al. (2014) 18. This experimental group included SNI 

and Sham-operated rats. These animals were tested for tactile allodynia right before being 

sacrificed, just to ensure the effectiveness of the SNI surgery and were only used to collect 

tissue for qPCR analysis.

Two other groups of animals were tested to measure the behavioral effects of gene 

replacement therapy in SNI. The first group included 2 cohorts (AAVGFP/AAVFosB), only 

the contralateral NAc was injected, and the animals were tested up to 63 days after 

peripheral surgery. The second group also included 2 cohorts: SNI/FosB and SNI/empty 

vector, but the animals were injected bilaterally and were followed for only 14 days after 

surgery.

Gene Expression Analysis.

Gene expression was performed on NAc from SNI and sham operated rats at Day5 and 

Day28 post-surgery. Rats were deeply anesthetized with isoflurane and rapidly decapitated; 

brains were removed while immersed in frozen TBS. Brains were sliced coronally from 

Bregma 2.20 to 1.00, allowing easy visualization of the NAc. The contra- and ipsi-lateral 

NAc were removed separately, snap frozen in liquid nitrogen, and stored at −80°C. RNA was 

extracted using a Qiagen RNeasy RNA extraction kit; DNA contamination was prevented by 

first using a column that binds DNA while allowing RNA to flow through. RNA was reverse 

transcribed into cDNA using Roche’s First Strand cDNA Synthesis kit and oligo dT primers. 

RNA yield and quality was assessed measuring the 260/280nm and 260/230nm absorbance 

ratios.

The samples used for the measurements in this paper were obtained from the same rats used 

in Chang et al. (2014)18. Thus, we could calculate the correlation between the relative 

abundance of the Fos family transcripts (described here) and the transcript for DR1, DR2 

and KOR whose expression was described previously 18.
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RT-qPCR was performed using a Roche Lightcycler 480 (LC480) with either Roche probes 

master mix or SYBR green master mix, primers (0.4 μM), hydrolysis probes and NAc cDNA 

(primers are listed in Table 1). All genes of interest were normalized to the GAPDH 

reference gene. For hydrolysis probe reactions, a single gene of interest was multiplexed 

with the reference gene GAPDH in the same well. Reactions consisted of a 5-minute hot 

start incubation at 95°C, followed by 45 cycles of 10-second at 95°C, 10-second at 60°C, 

and 1-second at 72°C. Primers were initially validated using a SYBR green RT-qPCR assay, 

which allowed for melting temperature analysis, demonstrating a single peak for each gene 

product. RT-qPCR samples were also run on 1.8% agarose gels to verify single gene 

products. Although primers were intron spanning, cDNA negative and reverse transcriptase 

negative controls were performed for all targets and did not give a signal. As recommended 

in published guidelines for RT-qPCR methods, all data were efficiency corrected. Reaction 

efficiency for each gene product was assessed using standard curves obtained with 

progressive dilutions of NAc cDNA. All data were efficiency corrected using Roche LC480 

software and the Delta Delta Ct method 27. For multiplex reactions, efficiency curves were 

run using multiplex parameters, while for SYBR green reactions efficiency curves were 

done with SYBR green reaction mixes. Within the recommendations of the MIQE RT-qPCR 

guidelines 28, a reference gene can be validated by running another reference gene against it. 

Thus, to validate GADPH as a reference gene, tubulin was run relative to GAPDH for all 

samples and no differences in tubulin were detected when run against GAPDH (data not 

shown). Statistical analyses were done using a two-way ANOVA test, with Fisher LSD for 

post-hoc analysis.

Virus Injections.

Adeno associated virus (AAV) has the ability to efficiently transfect neurons and expresses 

for long periods of time 29. AAV serotype 2 containing plasmids expressing ΔFosB and GFP, 

and AAV GFP empty vector were kindly provided by Dr. Eric Nestler (Icahn School of 

Medicine at Mount Sinai, New York). The ΔFosB viral constructs selectively infect neurons 

and have shown no toxicity compared with empty vector (carrying GFP only) viruses. 

Additional information regarding these viruses can be found 3031. Viral vectors were injected 

three weeks before SNI surgery to allow for maximal expression to occur and for animals to 

fully recover from injection surgery. Previous studies have shown maximal viral expression 

by 10 days, persisting at least 6 months 3031. Either empty vector (n=8) or ΔFosB (n=12) 

viruses were injected into the nucleus of accumbens (NAc) on the right hemisphere 

(contralateral to the peripheral surgery) only, at 1.7-1.8 mm from Bregma, 1.0-1.2 lateral to 

midline, and 6.6-6.8 ventral from brain surface. Post-hoc imaging of the injection sites 

showed that viral expression was by and large limited to the NAc and was particularly strong 

in the NAc core. Briefly, the animals were anesthetized using isoflurane (5% induction, 2.5 – 

3% maintenance). Adequacy of anesthesia was evaluated by assessing any withdrawal reflex 

in response to a noxious paw pinch; a craniotomy was then performed to expose the surface 

of the brain for viral injection. An incision was made with a sterile scalpel and any bleeding 

cauterized. The location of the injection entry site on the skull was determined using a 

stereotaxic frame, and a small portion of the skull (<3 mm diameter) removed at this 

location using a dental drill. A fine tipped glass pipette pulled on a vertical puller was filled 

with the viral suspension. 0.5 μL of viral suspension was delivered by pressure-injection. 
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Following the injection, the pipette was left in place for five minutes and then slowly backed 

out of the brain. Three weeks following AAV injections, when the rats had fully recovered, 

SNI surgeries were carried out on the paw contralateral to the AAV injections.

A second cohort of animals was injected bilaterally in the NAc. The procedures were the 

same as the unilateral injections, except that both hemispheres were targeted.

Immunohistochemistry.

SNI rats were anesthetized using ketamine/xylazine (80 and 10 mg/0.1 kg, respectively), and 

transcardially perfused with saline (0.9%) followed by 4% paraformaldehyde. Brains and 

spinal cords were removed and post-fixed in paraformaldehyde for 2 hours. Tissue was 

cryoprotected stepwise to 30% sucrose (brains) and 20% sucrose (spinal cords). 40 micron 

slices of brain tissue were cut using a microtome. Primary antibodies were incubated 

overnight in 1% normal goat serum (NGS), 0.2% Triton-X 100, in TBS. Sections were then 

washed in TBS, followed by secondary antibody (in TBS with 0.1% BSA) for 1 hour at 

room temperature, and further washing and mounting. Primary antibodies: Abcam ab4674 

GFAP 1:1200, Millipore MAB377 NeuN 1:500, Invitrogen G10362 GFP 1:2,000.

Results

Fos-family gene expression is reduced in the NAc of SNI rats.

We took advantage of the spared nerve injury (SNI) model of neuropathic pain to test the 

hypothesis that ΔFosB expression in the NAc is altered in neuropathic pain. NAc tissue 

samples were collected 5 and 28 days post SNI/sham surgery and analyzed via quantitative 

RT-PCR (RT-qPCR). Tissue samples from the NAc, ipsilateral and contralateral to nerve 

injury, were processed separately in order to test for possible lateralization of the observed 

effects. The expression level in the SNI NAc ipsilateral to the peripheral lesion was 

normalized to the ipsilateral sham NAc, and the expression in the SNI NAc contralateral to 

lesion was normalized to the contralateral sham NAc. We have previously shown that in the 

same cDNA samples a significant downregulation of NAc dopamine receptor (DR1a and 

DR2) and Kappa opioid receptor transcript is detectable in the NAc contralateral to nerve 

injury 28 days after SNI surgery 18. We had also found that at early post SNI stage (5 days) 

the expression level of these diverse receptors showed a high covariance, suggesting the 

possible activation of a common transcriptional plan. To build upon these studies, we 

measured the expression level of transcripts of the Fos family of early genes. We focused our 

analysis on Fos family early genes because of their involvement in NAc remodeling in 

response to a number of factors, including drugs of abuse and stress 323334. In SNI rats, we 

detected a significant reduction of c-Fos transcript in both the ipsi- and contra-lateral NAc 5 

days post-surgery (Fig. 1a). However, 28 days post SNI surgery c-Fos transcript levels on 

both sides had returned to control values. Analysis of FosB, another Fos family member, 

also revealed a significant reduction in SNI rats at the 5 day time-point. In contrast with the 

c-Fos reduction, the decrease in FosB transcript was maintained through the 28 day time-

point (Fig. 1b). Although the difference appeared bilateral, statistical analysis showed 

significance was only reached in the NAc contralateral to nerve injury. Finally, we measured 

ΔFosB, which is a stable spliced product of FosB and mediates some of the chronic changes 
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in the NAc in response to addiction and antidepressant drugs 35. Analysis of ΔFosB 

transcript in the NAc of SNI rats revealed no significant changes 5 days post SNI, but 28 

days post SNI a significant reduction was detected in the NAc contra-lateral to nerve injury 

(Fig. 1c).

AAV-mediated overexpression of ΔFosB in the NAc reduces allodynia in SNI rats.

If ΔFosB reduction has a causal role for the pain phenotype, then normalizing its expression 

in the NAc of SNI rats may ameliorate the phenotype. To test this hypothesis, we used viral 

vectors to overexpress ΔFosB in the NAc of SNI rats. AAVs containing GFP labeled ΔFosB 

or empty vector were injected into the right NAc of naive rats and three weeks were allowed 

for virus expression and recovery. Three weeks later, SNI surgery was carried out on the left 

paw of all rats (SNI AAV/ΔFosB, n=12; SNI AAV/GFP, n=9) and von-Frey measurements 

were performed twice a week for 10 weeks to determine pain behavior. Tactile allodynia was 

significantly reduced in the ΔFosB injected SNI rats for the duration of the experiment (Fig. 

2), while no change in cold allodynia was detected. At the conclusion of the behavioral 

testings, rats were perfused and brains sectioned to verify virus expression. Sections from 

several ΔFosB and control empty vector rats were co-stained with GFAP and no overlap was 

detected between GFAP and GFP (data not shown), demonstrating AAV expression is not in 

glia, consistent with previous reports that ΔFosB AAV expression is found only in neurons. 

Surprisingly, we could identify GFP in only 14 of the 21 injected rats, while in the 

remaining 7 rats (4 empty vector, 3 ΔFosB) the GFP could not be detected. Because the 

ΔFosB treated rats in which AAV expression wasn’t detected did show behavioral 

improvements we hypothesized that in these rats the immune system may have cleared out 

the virus, as it was expressing for over three months. If this was the case, it is interesting that 

the improvement in pain behavior outlasted the AAV ΔFosB expression. We then 

hypothesized that GFP expression would be more consistent at an earlier time from 

injection. Thus, we injected another cohort of SNI rats and we measured the pain phenotype 

for only 2 weeks. We also used this opportunity to inject the animals bilaterally in the NAc 

to test whether the behavioral effect is stronger. In this cohort of animals, GFP expression 

was detected in all 22 rats, on both ipsilateral and contralateral sides (Fig. 3B), supporting 

the idea that the lack of detection in some animals at a later time point might have been 

caused by an immune reaction. Again, ΔFosB expression significantly ameliorated the pain 

phenotype (Fig. 3C), reproducing the earlier experiment. Interestingly, in these rats with 

bilateral ΔFosB injection, cold allodynia was also ameliorated (Fig. 3D).

Discussion

ΔFosB level in the NAc correlates with neuropathic allodynia.

The nucleus accumbens has a central role in the CNS reorganization in neuropathic pain. In 

line with its well-known physiological roles, the nucleus accumbens mediates chronic pain-

associated impairments in motivation 8 and social ability11. Additionally, several reports 

demonstrate that the nucleus accumbens also modulates the sensory component of chronic 

pain, including tactile allodynia 171891911. Here we show that AAV-driven overexpression of 

the transcription factor ΔFosB in the nucleus accumbens causes a long-term improvement in 

the sensory pain component in SNI rats. This effect appears selective for the neuropathic 
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pain phenotype, and not a general effect on tactile perception, because ΔFosB 

overexpression did not change the baseline pain threshold, in line with results obtained in 

the Nestler lab evaluating hot plate responses 31.

Interestingly, mono-lateral ΔFosB overexpression (in the NAc contralateral to the SNI 

surgery) selectively improved the tactile allodynia, without detectable effects on thermal 

allodynia. Bilateral overexpression, however, ameliorated both conditions. The PCR data 

show that although the reduction in Fos family genes expression only reached statistical 

significance in the contralateral nucleus accumbens, a clear bilateral trend was present for all 

3 Fos transcripts investigated. This partial lateralization of the SNI effects on gene 

expression, on the other hand, reminds of our previous results obtained analyzing DR1a, 

DR2, and KOR transcript expression in the very same tissue samples 18. At functional level, 

however, NAc reorganization in SNI rodents appears largely bilateral, as intrinsic 

excitability and morphology of indirect pathway spiny neurons are altered in both 

hemispheres 11. Thus, although this is a point that may warrant future investigations, it is 

likely that the differential effects on pain behavior of the bilateral and the unilateral FosB 

overexpression are mostly due to a total dose effect. Finally, no overt correltaion was 

detectable between the location of the injections in different animals (fluorescence located 

mostly in the core, the shell or equal) and the behaviors investigated (not shown).

Expression of ΔFosB in the NAc correlates with DR1,DR2 and KOR.

We had previously found covariance between the expression levels of DR1, DR2, KOR and 

cannabinoid receptor 1 (CB1) transcripts in the NAc of SNI animals 18. We wondered 

whether the Fos family immediate early genes may serve as regulators of gene expression 

for chronic pain persistence. Thus, we investigated the potential correlation between the 

changes in NAc expression of Fos family transcription factors and the transcripts of these 

receptors in SNI rats. This was possible because Fos genes transcripts quantification was 

performed on cDNA obtained from the very same samples previously used for DR1, DR2, 

KOR and CB1 transcript quantification. As expected, ΔFosB was highly correlated with 

FosB both 5 and 28 days after surgery (p<0.0001 in both cases, Fig. 4). Interestingly, we 

found that ΔFosB was also significantly correlated with KOR, DR1a, and DR2 (Fig. 4). cFos 

and CB1 transcript levels, on the contrary, did not significantly correlate with ΔFosB. A 

similar pattern of correlations was also found in sham rats (not shown). The correlation of 

FosB/ΔFosB with KOR, DR1a, and DR2 transcript levels suggests that FosB/ΔFosB works 

as a master regulator of cellular rearrangement of the NAc in SNI.

Potential cellular mechanisms affected by FosB dysregulation.

Numerous papers show that although altered activity of the NAc in chronic pain is the 

consequence, at least in part, of changes in the properties of synaptic inputs to the NAc from 

other brain areas such as the basolateral amygdala 8, the prefrontal cortex 9 and the VTA 11, 

intrinsic functional and morphological properties of NAc neurons are necessary and 

sufficient to modulate the pain phenotype 11. In order for these alterations to persist long-

term, they require local regulation of gene expression. Accordingly, we previously found 

that the expression level of different genes in the NAc of SNI animals appears the result of a 

coordinated gene expression response that starts within a few days after injury and settles 
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toward a new steady state about a month later. Alterations in the expression levels of 

transcription factors are ideal mediators of long-lasting processes and our present results 

showing that FosB/ΔFosB transcripts are significantly reduced in the NAc of SNI rats 

support the idea of a concerted gene expression modulation within the NAc network. ΔFos-B 

in particular appears ideally suited to mediate long-term regulation of gene expression 

because contrary to the other members of this family, which are transiently expressed and 

undergo rapid degradation, it is stable 36 and accumulates in the NAc in response to chronic 

stimuli, such as chronic stress (reviewed by Nestler, 2015) 35. Given that FosB/ΔFosB is a 

major transcription factor with numerous targets 37, our finding suggests that many 

additional transcripts are likely also dysregulated as consequence of this reduction. In line 

with this idea, recent RNA-sequencing work has shown that 691 genes are downregulated 

and 135 upregulated in the NAc of SNI mice 38.

ΔFosB expression in the NAc mediates several processes that are relevant for the 

reorganization observed in chronic pain. For example, ΔFosB expression has been associated 

with increased spine number in NAc SPNs 39. Since both the dendritic length and the 

number of synaptic contacts are reduced in NAc iSPNs of SNI animals 1 week after injury 
11, the reduction in NAc ΔFosB described here may mediate these structural effects. ΔFosB 

was also found to be co-regulated and part of a positive feedforward loop with CaMKII, at 

least in response to drugs of abuse 40. Because CaMKII upregulates voltage gated potassium 

current and decreases firing in NAc shell neurons 41, if this correlation is maintained in SNI 

animals, the decreased ΔFosB level in SNI may contribute to the decrease in iSPNs rheobase 

measured in slices from SNI animals 11. Additionally, ΔFosB overexpression in the NAc 

promotes resilience to chronic stress 35. Similarly, when we overexpressed ΔFosB in the 

NAc of SNI rats, these animals showed a prolonged reduction in allodynia. Because chronic 

pain is a stressor, it is not surprising that similar mechanisms contribute to the brain response 

to both these conditions. In this context it is also notable that ΔFosB expression in the NAc 

is promoted by activation of the ventral tegmental area (VTA)24; as VTA activity is 

decreased in SNI11 it is possible that the reduced ΔFosB expression is the consequence, at 

least in part, of the VTA deactivation. Additionally, it has been shown that environmental 

enrichment causes strong ΔFosB expression in all striatal regions, including the NAc 24 and 

has analgesic effects in SNI 42. Thus it may be tempting to hypothesize that ΔFosB 

regulation may contribute to the analgesic effects of environmental enrichment. This 

hypothesis however is weakened by the observation that environmental enrichment does not 

improve the depression-like symptoms of neuropathic pain 42.

Conclusions

1- Fos-family gene expression is reduced in the NAc of SNI rats.

2- Restoring ΔFosB levels in the NAc, has a long lasting analgesic effect in neuropathic pain 

rats.

3- We suggest that FosB/ΔFosB levels serve as master regulator of gene expression in the in 

the NAc network reorganization that underlies neuropathic pain.
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List of abbreviations

aca anterior commissure

BSA bovine serum albumin

CB1 cannabinoid receptor type 1

CNS central nervous system

CPu caudate putamen

DR1 dopamine receptor type 1

DR2 dopamine receptor type 2

DRG dorsal root ganglion

GFAP glial fibrillary acidic protein

GFP green fluorescent protein

iSPN indirect pathway spiny neuron

KOR kappa opioid receptor

LV lateral ventricle

NAc nucleus Accumbens

mPFC medial prefrontal cortex

PNS peripheral nervous system

qPCR quantitative polymerase chain reaction

SNI spared nerve injury

TBS Tris-buffered saline
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Figure 1. FosB and ΔFosB transcript are reduced in the NAc of SNI rats.
Transcript levels were measured via qRT-PCR at day 5 and 28 post surgery. Relative 

transcript abundance in ipsilateral SNI was normalized the ipsilateral sham, while the 

contralateral SNI was normalized to the contralateral sham. Dotted line represents levels in 

sham. Each gene of interest was normalized to GAPDH. A, cFos transcript is reduced both 

in the ipsi (35%) and contra-lateral (30%) NAc at day 5, but reverts to normal by day 28. B, 
FosB transcript shows a significant reduction in the SNI NAc contra-lateral to nerve injury at 

5 days post SNI (35%); at day 28 the reduction was 28%, p=0.087). C, ΔFosB demonstrated 

no significant changes at day 5 post SNI on either the ipsi or contra-lateral SNI NAc. 

However, a significant (27%) reduction of ΔFosB was detected at 28 days post SNI only on 

the SNI contra-lateral to nerve injury. * P < 0.05, # P = 0.087.
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Figure 2. Virus-driven overexpression of FosB in the NAc contralateral to the peripheral lesion 
reduces tactile allodynia in SNI rats.
A, schematic representing the experimental design and timeline. B, tactile allodynia was 

significantly reduced for up to 2 months after surgery in SNI rats overexpressing ΔFosB in 

the NAc contralateral to the peripheral injury. The numbers on the abscissa represent the 3 

baseline measurements (before surgery), and the day after SNI surgery. C, Cold allodynia 

(measured using acetone test), however, was unaffected by this treatment. Data from 11 

ΔFosB-injected and 9 control-injected rats. *p<0.05.
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Figure 3. Virus-driven bilateral overexpression of FosB in the NAc reduces both tactile and cold 
allodynia in SNI rats.
A, schematic representing the experimental design with bilateral viral injections, and the 

timeline. B, representative photograph of a rat brain section shows bilateral GFP expression 

in the virus injection sites. C, tactile allodynia was significantly reduced 14 days after 

surgery in SNI rats overexpressing ΔFosB/GFP bilaterally in the NAc. D, in contrast with 

data from mono-laterally injected SNI rats, bilateral ΔFosB overexpression significantly 

reduced also cold allodynia at the same time point. Data from 13 ΔFosB-injected and 8 

control-injected rats. * P < 0.05.
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Figure 4. ΔFosB transcript levels correlate with expression of FosB, DR1a, DR2, and KOR in the 
NAc of SNI rats.
Regression analysis of ΔFosB, FosB, cFos, DR1a, DR2, KOR and CB1 transcript in the NAc 

of SNI rats 5 and 28 days after injury. ΔFosB is correlated with FosB, DR1a, DR2, and 

KOR, but not with CB1 or cFos (p values of linear regressions are indicated in the plots). 

Filled symbols and solid regression lines indicate data at 28 days post SNI; hollow symbols 

and dashed lines indicate data at 5 days post SNI. For this analysis, data obtained from the 

right and the left NAc were plotted together.
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Table 1.
Primer sequences for genes of interest.

Abbreviations: KOR = kappa-opioid receptor, DR1a = dopamine type 1a receptor, DR2 = dopamine type 2 

receptor, Tubulin = alpha tubulin, GAPDH = glyceraldehyde-3-phosphate dehydrogenase.

cFos L gggagtgaagaccatgt R cttcggattctccgtttctct

ΔFosB L aggcagagctggagtcggaga R gccgaggacttgaacttcactcg

FosB L gtgagagatttgccagggtc R agagagaagccgtcaggttg

DR1a L cgaactgtatggtgcccttc R gatggaatcgatgcagaatg

DR2 L aacaccaagcgcagcagt R tcctcagggtgggtacagtt

KOR L aagcggtgttttagggacttc R tttctaactctgtttgtgctctgg

Tubulin (alpha1b) L cttctaacccgtagctatcatgc R gccatgttccaggcagtag

GAPDH L ctgcaccaccaactgcttag R tgatggcatggactgtgg
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