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Effect of pro-inflammatory cytokines on the axonal outgrowth from  
adult rat dorsal root ganglia in vitro 

 
Introduction: Both regenerative and pathologic innervation of tissues occur within an inflammatory 
environment. This could have implications on neuronal growth and sensitization. However, the manner by which 
inflammation affects neuron function is not currently well understood. For spinal tissues such as the intervertebral 
disc, innervation by sensory axons originate from the dorsal root ganglia (DRG) [1]. In order to modulate the 
degree of nerve ingrowth into these tissues, an improved understanding of the interactions among the 
inflammatory environment, DRG neurons, and the native tissue cell population is needed. As a first step toward 
this end, we developed a novel 3D culture system to measure axonal outgrowth of adult rat lumbar DRG neurons 
into collagen hydrogels, and examined the effects of pro-inflammatory cytokines such as IL-1β and TNF-α.  

Materials and Methods: Lumbar DRGs were obtained from adult Sprague-Dawley rats and bisected under a 
dissection microscope in order to expose the nerve cell bodies. DRGs were then transferred and positioned onto 
prepared rat type I collagen gel constructs in 24-well Transwell inserts. DRGs were then cultured in NGF-free 
neurobasal media (negative control) or NGF-supplemented media containing 0, 1and 10 ng/ml of IL-1β and TNF-
α (n=5 per group). After 7 days, the collagen gel system was removed and fixed. Then, whole gel containing 
DRGs was immunostained for neurofilament protein. Images were captured using a confocal microscope. Simple 
Neurite Tracer (Fiji/ImageJ) was utilized to quantify lengths of outgrowing axons from the stack of images [2]. 
Data were analyzed using one way ANOVA, with Bonferroni post hoc correction at a level of P<0.05. 

Results and Discussion: Robust neurite outgrowth into collagen gels was observed in all groups (Fig 1), except 
the negative control. TNF-α (1 and 10ng/mL) significantly suppressed axonal outgrowth in the DRGs compared 
to NGF-only media (+; P<0.05). However, IL-1β concentration did not exhibit a statistically significant effect 
relative to control. IL-1β slightly reduced average neurite length at 1ng/mL but increased neurite length at 
10ng/mL. Among cytokine treatments, average neurite length in the IL-1β (10ng/mL) group was signficantly 
higher than in other groups (#; P<0.01). There were strikingly fewer and shorter neurites in the NGF-free media 
group compared with the NGF-containing groups (data not shown). 

 
Figure 1. Picture showing 
axonal outgrowth from the 
DRG after seven days in 
culture (left), graph 
showing average neurite 
lengths (±S.E.M) of DRGs 
treated with NGF only, 
NGF+IL-1β and 
NGF+TNF-α in collagen 
gel system (*: P<0.05, 
right) 
 

 
Conclusions:  In this study, a novel collagen 3D culture system was used to investigate factors governing 
neuronal ingrowth. This system has some advantages providing the use of physiologically-relevant adult DRGs, 
maintenance of native DRG microenvironment for cell bodies, and the presence of appropriate biophysical cues 
for neurons invading a compliant collagen matrix. We found that adult rat lumbar DRGs cultured in the NGF-
supplemented media produced abundant neurite outgrowth. In addition, application of pro-inflammatory 
cytokines influenced on the growth of axons within the collagen gel. We are currently using this system to 
investigate the role of disc cell interaction in these processes.  
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