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Figure 6-2: Loss of Cyclin D1 within the intact cortex and following cortical injury 
A Loss of Cyclin D1 reduces proliferation of OPC and microglia leading to reduced number of 
premyelinating oligodendrocytes and ramified microglia. In addition, it affects early microglial 
development such that the number is already reduced at perinatal stage. B Loss of Cyclin D1 
impairs injury-induced proliferation of OPCs and microglia, which leads to a lower number of 
activated microglia and furthermore to a reduced inflammation which is reflected in a reduced 
secondary injury. ↓ indicates the reduction in either cell number or proliferation rate due to 
Cyclin D1 knockout. 



DISCUSSION 

5.7 Knockout of Cdk4 but not Cdk2 or Cdk6 impairs 
the proliferation of OPCs 

As Cyclin D1 is the regulatory subunit of the holoenzyme formed with the 

catalytic subunits Cdk4 and Cdk6, one could assume that knockout of the 

catalytic subunit might have similar effects as long as the absence of Cyclin D1 

is not compensated by one of its other isoforms. 

My analysis following cortical injury in Cdk2-/-, Cdk4-/- and Cdk6-/- mice 

provide the evidence that the fast-proliferating oligodendroglial cells are 

dependent on Cdk4 but not on Cdk2 or Cdk6. Moreover, I could observe a 

stronger impact on the proliferation of OPCs in the Cdk4-knockout as compared 

to the Cyclin D1-knockout. Although the pattern of expression of D-cyclins is 

distinct in different tissues, functional redundancy exists among them 

(Ciemerych et al., 2002; Ciemerych and Sicinski, 2005). It has been shown, that 

during development animals retaining only one D-type cyclin lose the tissue-

specific expression characteristic of that gene concomitantly upregulating the 

remaining D cyclin (Ciemerych et al., 2002). Thereby absence of the regulatory 

protein Cyclin D1 could be partially compensated by another. Redundancy or 

developmental compensation could mask the functions that a deleted gene may 

ordinarily control. In contrast, absence of the catalytic binding partner Cdk4 

completely shuts down the Cdk4-pathway. 

Several publications examined the Cyclin D1 binding partner Cdk4 in injury 

paradigms. Following controlled cortical impact injury in rat brain, Kaya et al. 

observed selective expression of Cyclin D1 and Cdk4 in morphologically intact 

or injured neurons throughout the rat brain (Kaya et al., 1999). In addition, 

apoptotic cells were neither immunoreactive to Cyclin D1 nor to Cdk4. Analysis 

of the cell types revealed that reactive astrocytes did not express Cyclin D1, 

whereas some astrocytes at the boundary of the lesion showed nuclear Cdk4 
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immunoreactivity. In contrast, microglia expressed Cyclin D1, while Cdk4 could 

not be detected. Another analysis in a focal stroke model showed increased Cdk4 

and Cyclin D1 levels in neurons and that these signals are required for the death 

of neurons (Osuga et al., 2000). Taken together, it is most likely that Cyclin D1 

and Cdk4 interact following injury to the adult cortex. 

Concerning Cdk2, not much is known about its function in the CNS. A 

previous study of Caillava et al. revealed that in response to demyelination, loss 

of Cdk2 alters adult OPC renewal, cell cycle exit, and differentiation thereby 

accelerating remyelination. The authors concluded that Cdk2 is important for 

adult OPC renewal, and could be one of the underlying mechanisms that drive 

adult progenitors to differentiate and thus regenerate myelin (Caillava et al., 

2011). 

In the PNS, Atanasoski et al. (2008) have shown that Cdk4, but not Cdk2 or 

Cdk6, is essential for postnatal proliferation of Schwann cells. The Cdk4 null 

mice displayed a striking decrease in the number of mitotically active Schwann 

cells whereas no such difference was observed in mice lacking Cdk2 or Cdk6 

(Atanasoski et al., 2008). Interestingly, loss of Cdk4 had no effect on the 

myelination of sciatic nerves. Thus, it could be concluded that postnatal 

proliferation is not required for the establishment of appropriate Schwann cell 

numbers, suggesting that the number of Schwann cells produced before birth is 

sufficient to ensure subsequent myelination of axons. Atanasoski et al. (2008) 

also studied whether Cdk4 expression was required for proliferation following 

nerve injury. They showed that Schwann cells lacking Cdk4 were unable to re-

enter the cell cycle which completely abolished Schwann cell proliferation, while 

Schwann cells lacking Cdk2 or Cdk6 displayed proliferation rates comparable to 

controls (Atanasoski et al., 2008). 

Taken together, I propose Cdk4 to be the interaction partner of Cyclin D1, 

regulating injury-induced proliferation of OPCs within the lesioned cortex. 
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5.8 Cyclin D1 is not essential for the adequate 
generation of mature neurons 

From previous studies, it is known that the size of the brain is reduced in Cyclin 

D1-/- mice (Fantl et al., 1995; Sicinski et al., 1995). Analysis of the Cyclin D1 

expression revealed that it is expressed in post-mitotic neurons in the forebrain of 

adult mice (Tamaru et al., 1994; Glickstein et al., 2007a). In addition, cortical 

thinning of cortical lamina has been observed in adult knockout brain, while the 

densities of parvalbumin- and somastatin-expressing interneurons remained 

preserved (Glickstein et al., 2007b). But it remained an open question whether 

the absence of Cyclin D1 affects the number of neurons in general. 

Thus, I investigated whether the number of neurons is changed in the Cyclin 

D1 knockout mice. As previously described, I could detect a decrease in cortical 

thickness in the Cyclin D1 knockout. Surprisingly, I could measure an increased 

neuronal density in the knockout. But as this increase of density was elevated by 

the same ratio as the decrease in cortical thickness, the absolute number of 

neurons was comparable in Cyclin D1-/- and wild-type mice. As a result, one can 

conclude that Cyclin D1 is dispensable for the generation of the proper number 

of neurons. The thinning of the cortex must be due to reduced numbers of glial 

cells and / or reduced numbers of synapses. 

 

5.9 Concluding remarks 

In conclusion, the present sudy shows that absence of Cyclin D1 reduces the pool 

and the endogenous proliferation of OPCs in the adult brain but with no obvious 

effect on myelination. Furthermore, it could be shown that the proliferation of 

OPCs following neurotoxic injury to the cortex is dependent on Cyclin D1 and its 

catalytic interaction partner Cdk4. Last but not least, it could be shown that 
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Cyclin D1 is a prerequisite for migration and proliferation of microglia which in 

turn results in reduced inflammation in the case of brain injury in Cyclin D1-/- 

animals. 
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