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Chapter 6  

General discussion and summary  
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The overall aim of this thesis was to investigate sphingolipid metabolism as an underlying factor in the 

pathogenesis of Alzheimer’s disease and to modulate sphingolipid levels by gene therapy and pharmacological 

intervention. In my work, we found that CERTL, the long isoform of the ceramide transporter protein, could be an 

effective target to inhibit the progression of AD by direct binding to Aβ and reducing neuroinflammation directly or 

indirectly. Secondly, our aim was to investigate whether FTY720, a sphingosine-1-phosphate (S1P) analog, could 

rebalance sphingolipid levels and change cognition and pathophysiology in an AD mouse model. Our results showed 

that FTY720 reduced pathophysiological changes and prevented cognitive decline in early stages of AD in mice, but 

unfortunately, it did not have treatment efficacy when administered for short time at late stages of AD. Overall, this 

thesis shows that sphingolipids rebalance is potentially a good treatment strategy, which could interfere with the 

progression of AD. 

Sphingolipid disbalance in the progression of Alzheimer’s disease  

Bioactive sphingolipid including ceramide (Cer), sphingomyelin (SM), sphingosine and sphingosine-1-

phospaste (S1P), play an important role in AD development [1, 2]. Abnormal ceramides levels have been found both 

in brain and plasma of AD patients [3-6] and it has been shown to enhance  β and γ secretase activity in AD [7, 8]. 

Interestingly, the elevation of sphingomyelin levels was associated with cognitive progression [9], and was influenced 

by sex and APOE genotype [10]. Since the ratio change of ceramide and sphingomyelin could predict the progression 

of AD, we investigated the sphingolipid metabolism in mice with different sex and genetic background in chapter 3, 

3 to 4 months old 5XFAD male mice were used as experimental model and the brain tissue was collected at 6 to 7 

months of age. This model normally presents with early amyloid aggregation starting at the age of 2 months and 

neuronal loss from 6 months of age. The results showed that long chain ceramides including Cer d18:1/16:0, Cer 

d18:1/18:1, and very long chain ceramides including Cer d18:1/20:0, and Cer d18:1/22:0 were increased in the cortex, 

while sphingomyelin did not show any significant change. These observations confirmed previous reports showing a 

global rise in ceramide levels in specific AD brain regions [11]. 

CERTL as a potential target for AD treatment  

Ceramide transporter proteins (CERTS) transfer ceramide from the endoplasmic reticulum (ER) to the Golgi 

apparatus to generate sphingomyelin [12]. CERTL, the long isoform of CERT, has an important function during 

embryogenesis [13, 14] and lack of ceramide transport during embryogenesis could induce ceramide accumulation in 

the ER, leading to embryonic death and tissue loss in the brain [14-16]. In our previous study, we found the CERTs 

are ubiquitous proteins present in all cell types and co-localize with serum amyloid P complement (SAP) that bind to 

amyloid deposit [17, 18]. In chapter 3, the effect of CERTL on AD pathogenesis was explored in the 5XFAD mouse 

model. Firstly, we found that ceramides include Cer d18:1/16:0 were increased in the cortex as mentioned above, 

whereas CERTs levels were lower in the AD cortex compared to control brain. After injection of CERTL into the 

frontal cortex, only Cer d18:1/16:0 was significantly reduced in 5XFAD mice. However, ceramide levels were 

reversely elevated again along with increased amyloid plaques numbers when animals were treated with HPA-12, a 

CERT inhibitor which blocks ceramide trafficking [19]. These results suggested that CERTL probably helped the 

trafficking of Cer d18:1/16:0 and further prevent the worsening of the pathophysiology of AD. As next step, we 
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investigated the function of CERTL in amyloid plaques formation and in amyloid precursor protein (APP) processing. 

Results showed that CERTL reduced Ab production and plaque size.  

As innate immune cells in the central nervous system (CNS), glia cells protect the brain from injury and 

disease. In the AD brain, microglia is excessively activated by releasing pro-inflammatory markers, such as IL-1, IL-

6, and CD86, subsequently induced neuronal damage [20].Therefore, we also focused on whether CERTL produced 

neuroinflammatory effects in this model. We performed several techniques including immunohistochemistry (IHC) 

and RT-PCR in the cortex to clarify it. The analysis revealed reduced numbers of activated microglia cells and showed 

reduced expression levels of CD86, a pro-inflammation marker, in the 5xFAD CERTL injected group compared to the 

untreated group. Thus, CERTL also has a potential anti-inflammatory protective effect in this AD model. Even if these 

data represent a great advancement in this field, further investigations are needed to better understand the upstream 

and downstream effect of CERTL modulation in AD mouse models. These outcomes could be potentially used to 

develop new pharmacological treatments for AD. 

APOE as a main factor for sphingolipid metabolism in AD progression 

In chapter 3, we did not take the influence of the APOE genotype for the pathogenesis of AD into 

consideration. Since the APOE gene is a major risk factor for non-familiar AD [21], we further investigated the 

influence of the APOE genes on the sphingolipid metabolism in the 5XFAD mouse model. 5XFAD was crossed with 

human APOE3 or APOE4 genes respectively (APOE4, E4FAD and APOE3 and E3FAD) and used as experimental 

model in chapter 4 and 5. Firstly, we explored it in a female model of 6 to 7 months of age (chapter 4). When we 

focused on the comparison between APOE3 and APOE4 genes, we found that APOE4 carriers from both control and 

AD groups had higher sphingomyelin levels in the cortex compared to APOE3 carriers, whereas ceramide did not 

show a large difference. This was inconsistent with the sphingolipid changes we had found in Chapter 3. Together, 

our results indicated that the change of sphingolipid levels was more dependent on APOE genes than AD status (the 

gender difference in these 2 studies should be also kept in mind). In chapter 5, we used the same gene background 

but male mice of 11 to 12 months of age were used. We found that the majority of ceramides were increased compared 

to sphingomyelin in APOE4 carriers. It is interesting to see the opposite changes of these sphingolipids between 

younger and older age. Understanding the sex, age, and APOE association will help to better diagnose and define 

possible personalized treatments for AD. More continuous studies are needed to explore the underlying mechanisms. 

FTY720 as a potential target for AD prevention 

FTY720, a sphingosine-1-phosphate receptor (S1PR) modulator, which binds to the S1PRs, promoting a 

protective effect by mediating the lymphocyte egress [22]. In chapter 4, we focused on the question whether FTY720 

would prevent the pathophysiology of AD using the young EFAD transgenic model. Regarding to the memory tests, 

water maze was used for the spatial memory evaluation. The results showed that FTY720 improved the time that the 

experimental mice spent in the target quadrant and more mice successfully found the platform, particularly in the low 

dose treated E4FAD group, compared to untreated group. Besides, the alternative memory performance showed in the 

Y maze test that treated mice presented with a higher correct alternation. Next, we examined the drug effect on amyloid 

levels. The low dose of FTY720 reduced by almost half the levels of insoluble Aβ in the cortex. These results were in 
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line with previous studies [23, 24]. Regarding the sphingolipid metabolism, the main classes including ceramide, 

sphingomyelin, dihydroceramide, and hexosyl-ceramide were measured. FTY720 reduced ceramide and 

sphingomyelin levels, particularly, SM d18:1/24:1 was reduced when the low dose FTY720 was administered. Our 

study shows that FTY720 has the ability to prevent cognitive impairment via reducing the Aβ level in the brain, while 

this process is potentially correlate to reduced levels of sphingolipids. 

Because of these promising findings in Chapter 4, we further investigated whether FTY720 could reverse 

AD in aged EFAD mice by affecting sphingolipid metabolism in chapter 5. However, we did not find improvement 

in the behavioral tasks nor changes in Aβ levels. But FT720 remarkably reduced ceramide levels in this model, 

suggesting that sphingolipids are prognostic markers of AD [25]. The short-term treatment or severe AD status should 

be taken into account as the reasons why less protective effect on behavioral tasks and Aβ level are observed. Taken 

the results of chapter 4 and 5 together, FTY720 provide a potential possibility for modulation of AD.  

Conclusions  

Our research aim was to explore the role of sphingolipids in AD pathophysiology. Given this, we explored 

sphingolipid metabolism via gene therapy and drug administration. We revealed that CERTL could be a novel target 

for AD by mediating sphingolipid balance and modulating the neuroinflammation in the brain. Furthermore, APOE 

gene, sex, and brain region are important factors which impact on the changes of sphingolipid levels. Regarding the 

drug prevention and treatment studies, our results show that FTY720 could be a potential preventive drug for early 

stages of AD, but more studies are needed to investigate if it can also be useful to treat more advanced stages of the 

disease. Overall, our study emphasizes the important of the sphingolipid metabolism in AD but also reveals the 

complexity of this pathway. Therefore, more specific studies would be very helpful to understand the underlying 

mechanism.  

 

 

  




