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Chapter 7 
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According to the world Alzheimer report 2021, more than 60 million people live with Alzheimer’s disease 

(AD), 1/3 seniors dies with dementia and as estimated 130 million individuals will suffer from this disease in 2050 , 

which corresponds with growing economic burden globally [26]. In the past decades, thousands of studies were mainly 

focused on amyloid and tau cascades to explore potential diagnostic and treatment methods for it. In fact, there remains 

no efficient cure for the disease although drugs have been approved for reducing symptomatic characteristics with a 

short-term benefit [27]. In this thesis, we have new evidence that the sphingolipid metabolism plays an important role 

in pathophysiology of AD, and we show evidence on the promise of the development of novel diagnostic tools and 

intervention strategies based on lipids. Our study revealed the critical role of sphingolipid in AD. We found that the 

change in sphingolipid levels depend on age, sex and APOE gene background. Of interest is that the APOE gene 

showed a much more pronounced effect on sphingolipid levels than the AD status in the EFAD mice model.  

In chapter 3, we showed the long form of ceramide transporter protein (CERTL) played an important role in 

AD pathophysiology. Higher levels of CERTL injected into the cortical layer of 5XFAD mice, lower amyloid, and 

ceramide levels were observed. However, these changes were abolished after HPA-12 administration, which inhibited 

the trafficking of ceramide. We also found that CERTL induced less microglia activation. These suggested that CERTL 

may have a potential role in AD treatment by down modulating the amyloid and neuro-inflammation pathways. 

However, we did not find improvement in working memory in chapter 3 with Y maze or spatial Y maze [28]. We used 

an adapted 5xFAD model (C57BL/6J background and without the Pde6b gene) in this study, only small deficits in 

spatial memory were visible at 7 months of age [29]. In our study, we did not see differences in the behavioral tests 

among the studied groups, except for a very modest improvement in the SYM novel arm-exploring test. These results 

encouraged us to select more informative and sensitive methods for further confirmation of these results. 

In chapter 4, to investigate the role of the APOE4 isoform on AD pathophysiology, the EFAD model was 

used in the study [30, 31]. We found that sphingolipid levels were more depended on APOE gene rather than AD 

status, and higher ceramide levels were found in E4FAD animals. After FTY720 treatment, ceramide levels were 

reduced in the EFAD group. Interestingly, FTY720 also decreased Ab levels and CD86 mRNA expression levels in 

the E4FAD treated group, although the underlying mechanism is unclear. The results motivated us to explore the 

intervention effect of FTY720 in older aged mice. Thus, 6 weeks of FTY720 was given to 9.5 to 10.5 months old of 

EFAD mice in chapter 5. We found that FTY720 decreased the levels of ceramide in the majority of ceramide species 

but did not affect amyloid levels or improve behavioral outcomes. 

There are a few limitations in these studies. Regarding the behaviors tests, the results did not show a 

significant change between EFAD mice and corresponding APOE carriers’ mice in both chapters. These experimental 

mice model was originated from 5XFAD and crossed with human APOE gene, which induced the delay of Ab 

aggregation and of behavior deficits. Until now, there are not many publications showing specific APOE associated 

behavioral deficits. Ladu’s group has shown some difference in the Morris water maze and Y maze on this model in 

the EFAD mice and the corresponding APOE carriers [31]. In contrast, Felecia et al, did not find differences between 

EFAD and APOE carriers [32]. These conflicting results might be due to discrepancy in the methodology between 
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laboratories. Therefore, optimizing the current test protocols or selecting more precise and sensitive experimental 

methods would be very helpful to investigate the behavior deficits. 

Regarding the effects of FTY720, it is important to mention that it showed protective effects in 6 to 7 months 

old female mice, which received 3 months treatment. However, when FTY720 was given for 6 weeks to 9.5 - 10.5 

months old male mice in chapter 5, we did not see significant differences in amyloid levels and their cognitive ability 

did not improve. These mice were severely ill at this age, and the pathophysiological damage might be too severe and 

becomes irreversible. Besides, according to the literature, FTY720 generated protective effects after at least 2-months 

treatment. Therefore, a short-term treatment may be causative for the unchanged AD pathology as well.  

Even though the abovementioned limitations, our studies demonstrate that changes of sphingolipids rely more 

on the APOE gene rather than AD status. Sex and age are also important factors, which induce differences in the levels 

of sphingolipids in AD mice. Changes in sphingolipid metabolism using ceramide transporter proteins modulators 

could reduce Aβ levels, neuroinflammation and cognitive impairment, suggesting that sphingolipids could be a 

potential target in AD treatment. Overall, these findings also encourage us to explore sphingolipid metabolism in more 

specific conditions, which would help to clarify the underlying mechanisms.  

 

  




