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Abstract 

In the hippocampus, the axons projecting from dentate gyrus (DG) to CA3 are known as 

mossy fibers. Mossy fiber sprouting refers to the abnormal wiring of mossy fibers. Instead 

of branching out to neurons in the dentate hilus, mossy fibers connect to the dendrites of 

dentate granule cells. Its underlying mechanism remains unclear. This paper shows that 

the mossy fiber sprouting can be explained by the same principle as the formation of 

enduring memory (Paper 21). The initial seizure attack may cause significant loss of hilar 

neurons and generate filopodia on the dendrites of granule cells. Subsequent seizures 

and other neural activities may increase Ca2+ level in the spine to activate Myosin II, 

thereby inducing CABT transport from the dendritic spine toward axon terminals for axonal 

branching and outgrowth. However, in the absence of hilar neurons and the presence of 

abundant granular filopodia, the mossy fiber branches would make abnormal connections 

with the dendrites of granule cells. This model is supported by the direct evidence that the 

CRMP2 expression level correlates with the extent of mossy fiber sprouting. The axon 

guidance molecule, semaphorin-3f, and the protein kinases, glycogen synthase kinase 3β 

(GSK3β) and cyclin-dependent kinase 5 (CDK5), that regulate the CRMP2 activity have 

also been shown to influence mossy fiber sprouting. 

  

Introduction 

Engram cells are the neurons involved in long-lasting memory storage. Recently, Ryan et 

al. (2015) proposed that a specific pattern of engram cell connectivity could be crucial for 

memory information storage. The detailed mechanism for the formation of enduring 

memory is discussed in Paper 21, which uses the connectivity between hippocampal CA1 

and cortical neurons as an example. It was suggested that the pathfinding between CA1 

axons and cortical dendrites is critical for strengthening correct memory units. CRMP2 
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plays a central role in orchestrating the axonal pathfinding. The same principle may apply 

to other brain regions, such as the connectivity between dentate gyrus (DG) and CA3 

neurons. 

The axons projecting from DG to CA3 are known as mossy fibers. Mossy fiber sprouting 

refers to the abnormal wiring of mossy fibers. Instead of branching out to neurons in the 

dentate hilus, mossy fibers connect to the dendrites of granule cells in the molecular layer 

(Koyama, 2016). Its underlying mechanism remains unclear. Several lines of evidence 

suggest that CRMP2 is implicated (Lee et al., 2012; Wilson et al., 2014; Cai et al., 2016). 

This paper will show that the mossy fiber sprouting can be explained by the same principle 

as the formation of enduring memory. 

 

Figure 1. Subregions of the hippocampus, including CA1, CA2, CA3 and 

dentate gyrus. The axons projecting from DG to CA3 are known as mossy 

fibers. [Source: Kino, 2015] 

Normal Mossy Fiber Synapses 

According to the Synaptogenesis Hypothesis, the enduring memory arises from the 

formation of new synapses within memory units (Paper 21). In support of this 
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hypothesis, the number of mossy fiber terminals in the CA3 region increases 

significantly in water maze trained rats (Ramírez-Amaya et al., 1999), and the number 

of spines on CA3 dendrites also increases substantially in the trained animals 

(Mahmmoud et al., 2015). 

In addition to CA3 neurons, a mossy fiber also connects to several neurons located in 

the dentate hilus (Dengler and Coulter, 2016). The hilar neurons comprise primarily 

mossy cells and GABAergic interneurons. They may play a role in controlling dentate 

granule cell excitability (Jinde et al., 2013; Dengler and Coulter, 2016). Importantly, hilar 

neurons are vulnerable to seizure attack. Prolonged pilocarpine-induced status 

epilepticus can kill 95% of mossy cells, resulting in mossy fiber sprouting. The extent of 

mossy fiber sprouting correlates with the number of dead mossy cells (Jiao and Nadler, 

2007). Seizures also result in significant loss of inhibitory interneurons (Sloviter et al., 

2003).  

Loss of Hilar Cells Causes Abnormal Pathfinding 

 

Figure 2. A model for the mossy fiber sprouting. 

(A) A normal mossy fiber contains several branches at the hilus to 

connect other neurons such as mossy cells and GABAergic interneurons.  

(B) Seizures cause significant loss of hilar neurons and generate filopodia 
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on the dendrites of granule cells. 

(C) Subsequent seizures and other neural activities may increase Ca2+ 

level in the spine to activate Myosin II, thereby inducing CABT transport 

from the dendritic spine toward axon terminals for axonal branching and 

outgrowth. In the absence of hilar neurons and the presence of abundant 

granular filopodia, the mossy fiber branches would make abnormal 

connections with the dendrites of granule cells. 

During normal memory consolidation, the high level of Ca2+ ions in the spine may 

activate Myosin II (Somlyo and Somlyo, 2003), thereby inducing transport of the 

CABT complex (consisting of CRMP2 and tubulin) from dendritic spines toward axon 

terminals for axonal branching and outgrowth (Paper 21). A mossy fiber normally 

branches out from the dentate hilus to form synapses with mossy cells and 

GABAergic interneurons (Dengler and Coulter, 2016). Like the formation of dendritic 

spines, axon branching also originates from the creation of filopodia (Kalil and Dent, 

2014). The axon guidance molecule netrin-1 has been shown to induce axon 

branching by triggering Ca2+ release from intracellular stores (Tang and Kalil, 2005). 

After the generation of axonal filopodia, CRMP2 may be required for the growth of 

axon branches. Therefore, as CABT complexes are transported to the hilar region, a 

substantial fraction could en route toward mossy cells and GABAergic interneurons. 

However, after seizure attacks, most of them would have been killed so that the axon 

branches could not find correct targets to form synapses. 

According to the dentate gate hypothesis, DG may serve as a "gatekeeper" to prevent 

seizures (Lothman et al., 1992). In line with this hypothesis, granule cell 

hyperpolarization has been shown to efficiently stop spontaneous seizures and 

optogenetic activation of granule cells exacerbated spontaneous seizures 

(Krook-Magnuson et al., 2015). 

In DG, more than 90% of granule cells are silent (Alme et al., 2010), possibly due to 

the binding between CABT and NMDARs (see this article). Since the NMDAR-bound 

CABT complexes are not available for stimulating dendritic branching, this notion is 

consistent with the finding that silent cells have less dendritic branches than active 

cells (Diamantaki et al., 2016, Figure 4).  

Evidence for the CRMP2 Hypothesis 

The above mechanism is supported by the following observations: 
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1. The CRMP2 expression level increases after seizure induction. Lovastatin can 

reduce CRMP2 expression and suppress mossy fiber sprouting (Lee et al., 

2012). 

2. The axon guidance molecules, semaphorins, are known to cause growth cone 

collapse through signaling to CRMP2. A recent study suggests that the reduced 

expression of semaphorin-3f may contribute to mossy fiber sprouting (Cai et al., 

2016). 

3. The CRMP2 activity is regulated by glycogen synthase kinase 3β (GSK3β) and 

cyclin-dependent kinase 5 (CDK5). Both GSK3β and CDK5 are implicated in 

mossy fiber sprouting following traumatic brain injury (Wilson et al., 2014). 

4. The NMDA antagonist MK801 significantly reduced the extent of mossy fiber 

sprouting (Sutula et al., 1996). 
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