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Abstract: 
 
Alzheimer’s disease (AD) is characterized by the accumulation of amyloid-β plaques, tau 
neurofibrillary tangles and chronic inflammation, all of which contribute to cognitive decline. Tumor 
necrosis factor-alpha (TNF-α) has emerged as a key player in this inflammatory process and acts 
through two receptors: TNF receptor 1 (TNFR1), which promotes inflammation and cell death, and 
TNF receptor 2 (TNFR2) which is known to be involved in neuroprotection. This study assessed 
whether modulating TNF signaling could serve as a viable therapeutic strategy. 
Immunohistochemistry targeting neuronal density (NeuN), Synaptic plasticity (Synapsin-1) and 
oligodendrocyte density (Olig2) was performed on wild-type, J20, and triple transgenic (3xTg) mouse 
brain slices. Additionally, we evaluated STAR2’s (a TNFR2 agonist) potential as a drug using MTT 
assays on Kym-1 cells. Finally, we analyzed short-term working memory in a behavioral analysis on 
J20 mice using a Y-maze after a TNFR1 antagonist treatment. The immunostainings did not yield 
many usable results due to a poor signal and/or high background noise. However, the cytotoxicity 
assay revealed a clear negative correlation between STAR2 concentration and Kym-1 cell viability, 
especially for STAR2 stored at 37°C however, this effect was possibly partially explained due to toxic 
degradation products. The Y-maze results revealed no significant behavioral improvements, likely due 
to short-term memory being rescued by the prefrontal cortex and ventral striatum. The results suggest 
that while TNF signaling modulation holds potential, future studies should refine both experimental 
design and behavioral assays to better evaluate cognitive outcomes. 
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Introduction: 
 
As people continue to get older, neurodegenerative diseases (ND’s) are becoming an increasingly 
pressing concern.The most common ND in the world is Alzheimer's disease contributing to 60-70% of 
dementia cases worldwide (World Health Organization: WHO & World Health Organization: WHO, 
2025). In Alzheimer's disease amyloid β plaques, tau neurofibrillary tangles, and chronic 
inflammation are known to cause many of the phenotypical changes of the disease. Unfortunately, 
current treatment options leave a lot to be desired since they are primarily anti-symptomatic and don't 
tackle the cause of the disease or are simply just not effective enough (Zhang et al., 2024). While 
every ND has its own defining features, protein aggregation and chronic inflammation are two 
common pathological mechanisms (Wilson et al., 2023). Inflammation, in particular, is known to 
cause excessive neuronal cell death and has thus emerged as a promising therapeutic target 
(Ortí-Casañ et al., 2019) (Ortí-Casañ et al., 2022). 
 
One of the central players within this inflammatory response is called tumor necrosis factor α 
(TNF-α)(Dong et al., 2015). TNF-α is primarily produced by monocytes and macrophages and is 
present in two forms, being in its soluble form (sTNF) and its membrane-bound form (mTNF) 
(Skartsis et al., 2022). sTNF can bind to TNFR1 and mTNF can bind both to TNFR1 and TNFR2. 
Even though both receptors share NF-kB as one of their main end products in their intracellular 
pathways, they contribute to a very opposing effect in the brain (Fontaine et al., 2002) (Decourt et al., 
2016). TNFR1 activation has been shown to promote inflammation and cell death by acting through 
sensitizing pro-inflammatory molecules like lipocalin-2 (Naudé et al., 2012), while downstream 
molecules of the TNFR2 receptor are known to be involved in neuroprotection. For example, through 
improving neuronal resistance against excitotoxicity (Marchetti et al., 2004) or through improving 
microglial phagocytosis of Aβ plaques (Ortí-Casañ et al., 2023). Microglia, the resident immune cells 
of the central nervous system, play a key role in maintaining brain homeostasis and responding to 
injury or disease (Prinz et al., 2019). Studies have shown that when microglia get stressed, they shift 
to a pro-inflammatory phenotype, secreting more cytokines like TNF-α, this shift can cause a 
downward spiral, further progressing the disease (Fischer et al., 2015) (Ortí-Casañ et al., 2023). 
Another effect of a pathological TNF homeostasis is that synaptic plasticity gets impaired in AD 
brains (Dong et al., 2015), serving as a marker for the disease. Furthermore oligodendrocyte 
regeneration is stimulated through TNFR2 activation (Dong et al., 2016) whilst TNFR1 promotes 
oligodendrocyte death (Steelman & Li, 2011) implying that the imbalanced TNF homeostasis in AD 
patients is likely to affect oligodendrocyte density.​ Global inhibition of TNF signaling through 
for example, etanercept, a drug that inhibits TNF-α, has been shown to be effective (Fischer et al., 
2015) . Nevertheless, the direct inhibition of TNF-α showed detrimental effects due to TNF-α’s 
crucial role in the immune system (Dong et al., 2016) (Fischer et al., 2015). A way to prevent these 
detrimental effects would be to selectively block only the TNFR1 signaling or increase TNFR2 
signaling by introducing an agonist for this receptor. Several papers investigate the approach of 
introducing a TNFR2 agonist, and in these studies a drastic reduction of amyloid β deposition and 
β-secretase 1 expression was observed (Dong et al., 2016) (Ortí-Casañ et al., 2022). The β-secretase 1 
gene is responsible for cleaving the amyloid precursor protein into the amyloid-β peptides responsible 
for the plaque pathologies (Hampel et al., 2020).To check for the effectiveness of the STAR2 
compound, we look at its interaction with the Kym-1 cell line. These cells are known to express both 
TNFR1 & TNFR2 and are known to die upon strong interactions with the TNFR2 receptors. Thus, 
cell viability can be used to assess a TNFR2 agonist's effectiveness (Bourteele et al., 1998) (Storz et 
al., 2000)(Jupp et al., 2001).  
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During our studies the J20 mouse model was used to mimic AD pathology. This transgenic model has 
been made such that it overexpresses the amyloid precursor protein (APP) with familial AD mutations 
(Tosh et al., 2018). During the immunohistochemical stainings, not only did we use WT and J20 
mouse brain slices but also 3xTg brain slices. In this model also the tau neurofibrillary tangles are 
present so they can be taken into the equation when comparing brain slices. 
 
In this report, we will use Neun, Synapsin-1 and Olig 2 staining to assess neuronal density, synaptic 
plasticity and oligodendrocyte density to assess the state of the disease in wild-type, J20 and 3xTg 
mouse brain tissue. But most importantly, we will investigate the effects of modulating TNF 
homeostasis to assess its viability in Alzheimer's disease treatment to answer the question: Is TNF(-α) 
modulation a viable therapeutic approach to improve working memory in murine Alzheimer’s disease 
models?? To do this, we will assess 3 immunohistochemical stainings, Kym cell viability after 
treatment at different concentrations of STAR 2 stored at either 4°C or 37°C and analyze Y-maze 
behavioral videos to test short-term working memory in J20 mice. 
 
Methods: 
 
2.1 Mice models 
 
​ Mice samples for the immunohistochemical stainings and Y-maze videos were procured by 
the University of Groningen. For staining, we employed J20 and triple transgenic (3xTg) mice. J20 
mice are genetically modified to overexpress the human amyloid precursor protein (via the expression 
of Swedish and Indiana mutations), resulting in recognizable AD characteristics, including amyloid 
plaque buildup, loss of synapses and neurons, and behavioral deficits (Karl et al., 2012; Hong et al., 
2016; Tosh et al., 2018). Alternatively, 3xTg mice develop both amyloid plaque and neurofibrillary 
tangles in AD related brain areas (via the expression of PS1M146V, APPSWE, and tauP301L 
mutations), also leading to cognitive deficits and reduction in synaptic plasticity (Oddo et al., 2003). 
For the control slices we used Groningen wild-type mice. Mice had access to food and water ad 
libitum and were on a 12:12 light/dark cycle. For the Y-maze experiments both male and female J20 
mice were used. The behavioural tests were always performed during the light phase of the cycle. All 
experiments were approved by the animal ethics committee of the University of Groningen  
 
Immunohistochemical Staining for Olig2 

Coronal brain slices were stored in a cryoprotectant solution and transferred to  TBS 0.01M 
and were washed three times for 5min with clean TBS 0.01M pH 7.4 followed by 1h of 
pre-incubation in blocking buffer ( 3% BSA + 0.3% Triton-X in 0.001M TBS pH 7.4). Primary 
antibody incubation was done overnight at 4oC on shaker (1:500 rabbit anti-Olig2, 3% BSA , 0.3% 
Triton-X in 0.001M TBS pH 7.4). Next, the samples were washed six times for 5 mins with TBS 
0.01M pH 7.4. Working in the dark, secondary antibody incubation was done (1:400 donkey 
anti-rabbit-Alexa Fluor 488, 3% BSA, 0.3% Triton-X in 0.001M TBS pH 7.4) for 2 hours at 
room-temperature. Samples were again rinsed three times for 5 mins with TBS 0.01M pH 7.4, and 
incubated overnight at 4oC on shaker. Samples were mounted with Vectashield antifade mounting 
medium, then a coverslip was added. 
 
Immunohistochemical Staining for NeuN 

Coronal brain slices were stored in a cryoprotectant solution and transferred to  TBS 0.01M 
and were washed three times for 5min with clean TBS 0.01M pH 7.4 followed by 1h of 
pre-incubation in blocking buffer (5% BSA,  0.5% Triton-X in 0.001M TBS pH 7.4). Primary 
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antibody incubation was done overnight at 4oC on shaker (1:500 mouse anti-NeuN, 5% BSA, 0.5% 
Triton-X in 0.001M TBS pH 7.4). Next, the samples were washed six times for 5 mins with TBS 
0.01M pH 7.4. Working in the dark, secondary antibody incubation was done (1:400 anti-rabbit Alexa 
Fluor 488, 5% BSA, 0.5% Triton-X in 0.001M TBS pH 7.4) for 2 hours at room temperature. Samples 
were again rinsed six times for 5 mins with TBS 0.01M pH 7.4, and incubated overnight at 4oC on 
shaker. Samples were mounted with Vectashield antifade mounting medium, then a coverslip was 
added. 
 
Immunohistochemical Staining for Synapsin-1 

Coronal brain slices were stored in a cryoprotectant solution and transferred to  TBS 0.01M 
and were washed three times for 5min with clean TBS 0.01M pH 7.4 followed by 1h of 
pre-incubation in blocking buffer ( 5% Normal Donkey Serum (NDS), 0.5% Triton-X in 0.001M TBS 
pH 7.4.) Primary antibody incubation was done overnight at 4oC on shaker  (1:500 mouse 
anti-Synapsin-1, 3% BSA , 0.5% Triton-X in 0.001M TBS pH 7.4). Next, the samples were washed 
six times for 5 mins with TBS 0.01M pH 7.4. Working in the dark, secondary antibody incubation was 
done (1:400 anti-rabbit Alexa Fluor 488,1% NDS, 0.3% Triton-X in 0.001M TBS pH 7.4) for 2 hours 
at room temperature. Samples were again rinsed six times for 5 mins with TBS 0.01M pH 7.4, and 
incubated overnight at 4oC on shaker. Samples were mounted with Vectashield antifade mounting 
medium, then a coverslip was added. 
 
Image analysis 

Staining images were taken using a Leica DMi6000 
Inverted Fluorescence Microscope at either a 10x or 20x 
magnification. The staining results were subsequently 
quantified using ImageJ software by measuring the Area % of 
coverage within the region of interest, specifically the 
hippocampus. This is achieved by making sure the image is in 
16 bit. Threshold was adjusted so that as little background 
signal was present and as much signal of interest was isolated. 
These threshold settings were applied to all images of the 
same stain. With the polygon tool the area of interest was 
selected. Through analyze, set measurements Area fraction 
was selected. after clicking the image Ctrl + M was used to 
obtain the area percent signal. The percentage area of signal 
was then graphically represented using R-studio. 

 
 

 
Cytotoxicity Assay on Kym-1 cells 

To test for the stability of the STAR2 a cytotoxicity assay was performed using an MTT assay 
in Kym-1 cells. STAR2 was placed in an incubator for more than a year at 37°C and its bioactivity 
was compared with that of STAR2 stored at 4°C. The Kym-1 cells were cultivated in RPMI medium 
supplemented with 1% penicillin streptomycin + 1% l-glutamine + 10% Fetal Bovine Serum (CO₂ 
incubator, 5%-10% CO₂).  
 

The Kym-1 cells (1.5x104 cells/well) were transferred to 96-well cell-culture plates and 
treated with 10, 100, or 1000 ng/ml of STAR2 stored at 4°C or 37°C. A total of 24 wells served as 
controls, with 6 wells allocated to each treatment condition. Cells were washed with PBS, then PBS 
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with 5mg/ml MTT solution was added to each well followed by 2 hours of incubation (CO₂ incubator, 
5%-10% CO₂). After discarding the supernatant, cells were stored at -80°C overnight. The following 
day, the plates were incubated at 37 °C for 30 minutes, after which 150 μl of DMSO was added. The 
next day, the plates were incubated at 37 °C for 30 minutes, followed by the addition of 150 μl of 
DMSO. Absorbance was then recorded at 570 nm using a spectrophotometer. 
 
Genotyping 

For DNA isolation a commercially available NucleoSpin tissue kit was used. Mouse tail snips 
were treated with 180 µL of buffer T1 and 25 µL of proteinase K, then incubated overnight at 56°C to 
be digested. Samples were centrifuged at 11,000 × g for 5 minutes to pellet remaining hair and bone 
fragments. The supernatant was transferred to a new tube containing 200 µL of buffer B3 and 210 µL 
of 100% ethanol. After vortexing, the mixture was incubated at 70°C for 10 minutes. DNA isolation 
was performed using spin columns: 500 µL of buffer BW and 600 µL of buffer B5 were added 
sequentially, each followed by centrifugation at 11,000 × g for 1 minute. After a dry spin, DNA was 
eluted with a preheated (70°C) elution buffer and collected by final centrifugation. 

For PCR amplification, the master mix (per 20 µL reaction) contained 14.92 µL nuclease-free water, 2 
µL DreamTaq buffer, 0.4 µL 10 mM dNTPs, 0.4 µL each of forward and reverse primers at 10 µM 
(see Table 1), 0.08 µL DreamTaq DNA polymerase, and 1 µL genomic DNA. PCR cycling conditions 
were: initial denaturation at 94°C for 2 minutes; 33 cycles of 94°C for 30 seconds (denaturation), 
60°C for 30 seconds (annealing), and 72°C for 1 minute (extension); followed by a final extension at 
72°C for 7 minutes. PCR products were separated on a 1% agarose gel run at 80 mA for 1 hour and 
visualized using a Chemidoc system. 

Table 1 
Primers used for PCR 

Identifier Genotype Primer Sequence (5′-3′) 

IMR8744 J20-negative Forward CAAATGTTGCTTGTCTGGTG 

IMR8745 J20-negative Reverse GTCAGTGTCCACAGTTTG 

IMR2044 J20 Transgene Forward GTGGAGTTTGTAAGTGATGCC 

IMR2045 J20 Transgene Reverse TCTTCTTCTTCAACCTCAGC 

 
Y-maze 

To evaluate working memory in J20 mice treated with either PBS or the TNFR-1 antagonist, 
Y-maze videos were analyzed. All of the Y-maze arms (A, B & C) were empty and readily accessible. 
In total, 23 treatment & genotype blinded videos were examined. For ten minutes, each mouse was 
scored based on the sequence of arms it entered. An entry was confirmed when the mouse placed all 
four legs into the arm. With this, percentage alternation was calculated based on triads and total arm 
visits. A triad consists of a sequence of 3 different arm entries so ABC and CAB are triads, and BCB 
is not. To calculate the percentage alternation the following formula is used: number of triads/(total 
entries-2) x 100% = percentage alternation. 

 
Statistical analysis 

To analyse the data, several statistical tests were performed in R-studio. For the MTT assay 
results, normality of the data was assessed using the Shapiro-Wilk test, and homogeneity of variances 
was checked with Levene’s test. Based on these results, the personal results were analyzed using a 
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two-way ANOVA (p < 0.05) paired with a Tukey’s multiple comparisons post-hoc test to see which 
groups hold a significant difference over each other. Given the non-parametric distribution of the 
grouped data, a two-way Aligned Rank Transform ANOVA (ART-ANOVA) was performed, 
combined with a Tukey’s multiple comparisons post-hoc test. Finally, a Pearson's R correlation test 
was performed to see if a linear relation was present between the concentration and cell viability. 
Another two-way ANOVA was performed on the Y-maze video results to compare groups. Statistical 
significance was accepted at p < 0.05. All data are presented as mean ± standard error of the mean 
(SEM).  
 
Results: 
 
Staining of brain slices. 
 
During our research, multiple biomarkers for AD pathologies were tested and  visualized in Figure 1 
below. Due to time constraints, only one slice per condition was analyzed in ImageJ, making 
statistical analysis infeasible. Each staining consisted of a DAPI stain to stain all nuclei in blue and 
each respective protein in green. For the Olig-2 stain (figure 1A) some signal was obtained, primarily 
visible in the triple transgenic slice (Figure 1 E-G). The red arrows indicate an area with a clearly 
visible Olig-2 signal and thus oligodendrocytes. For the other mouse models, there was no clear signal 
present and thus the signal area% (figure 1D) comparison yielded no useful results except that our 
negative control worked.  For the Synapsin-1 staining (figure 1B) it was also hard to determine if a 
signal was present because the background noise was too bright to nicely quantify the result using 
ImageJ. The Synapsin-1 negative control was lost somewhere during washing thus a NeuN negative 
control was taken. When looking at the NeuN (figure 1C) staining, it is clear the primary antibodies 
did not bind the neurons since no overlap of DAPI & NeuN is visible and the background signal is 
also very high, which becomes even more clear when looking at the signal area % (figure 1D) of the 
negative control rendering the results unusable.   
 
Cytotoxicity Assay on Kym-1 cells 
 
The MTT-assay’s group (figure 2A) depict a clear trend in which the higher the concentration of 
STAR2 the less cell viability. This trend becomes significant when comparing the bar of  37°C 
10ng/mL with 37°C 1000 ng/ml (p-value = 0.0019). The Pearson's R correlation coefficient between 
cell viability and concentration of the 37°C compound is -0.255 (p-value = 0.00402) and that of the 
4°C compound is -0.0459 (p-value = 0.610) meaning that for the group result, the negative correlation 
between concentration and cell viability is only significant when looking at the 37°C compound. The 
results from my  96-well plate (figure 2B) are more in line with expectations. Here the difference in 
viability between 4°C 1000ng/ml and the control without STAR2 shows a significance decrease in cell 
viability(p-value = 0.0245) an even greater significance appears when looking at the 37°C 1000ng/ml 
and the control (p-value = 0.0012) when comparing the 37°C 1000ng/ml with the 37°C 10ng/ml group 
(p-value = 0.0011) a similar decrease is cell viability is visible. This together with the graphs suggest a  
negative relation between the concentration of STAR2 and cell viability. This statement gets 
supported through the Pearson's R correlation coefficient values for the 37°C compound of -0.754 
(p-value = 0.000304) and -0.692 (p-value = 0.00146) for the 4°C compound. When looking at the 
96-well plate prepared in a parallel experiment (figure 2D) the only significant difference in cell 
viability between different concentrations of STAR2 is between the control and the 37°C 1000 ng/ml 
groups (p-value = 0.0051). Pearson's R correlation coefficient for the 37°C compound was -0.76 
(p-value = 0.0003) and 0.374 (p-value = 0.16) for the 4°C compound. So also here a strong negative 
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correlation was observed between STAR2 concentration and cell viability for the 37°C compound. 
One of the reasons the results differ so much between both individual plates is due to bacterial 
contamination; the wells on the plate from the parallel experiment contained a lot more formazan 
visible in tiny dots spread across the well (figure 2E). When this is compared to the wells in the other 
individual plate (figure 2C) it becomes clear why the results differ so much. The contamination was 
mainly present in the wells for the control and the 4°C compound; this further supports the 
abnormalities seen in the corresponding plot (figure 2D). 
 
Y-maze behavioral analysis. 
 
The two-way ANOVA statistical analysis revealed that there was no significant difference in average 
alternation between the TNFR1-antagonist treated group and the PBS-treated control group. Even 
when sexes are separated; no significant difference was found. After analyzing the data from the 
Y-maze videos, genotyping of the animals occurred 6 mice were genotyped (supplementary figure 1). 

 
Figure 1: (A) Olig 2 staining results ,  (B) Synapsin-1 staining results, (C) NeuN staining results , (D) 
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Quantification of images through Singnal Area (%)  using ImageJ software, (E) Zoomed-in DAPI 
staining of 3xTg Olig-2 brain slice, (F) zoomed in Olig-2 staining of 3xTg Olig-2 brain slice, (G) 
zoomed-in merged image of  3xTg Olig-2 brain slice. 
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Figure 2: (A) Group results cytotoxicity MTT-assay Cell viability plotted against STAR2 
concentration, (B) Own results cytotoxicity MTT-assay , (C) Clean well of Kym-1 cells under 
microscope (own plate), (D) parallel experiment results cytotoxicity MTT-assay , (E) Contaminated 
well of Kym-1 cells under microscope (parallel experiment), (for all statistical analysis (* = p<0.05, 
** = p<0.01, *** p<0.001)) 
 

 
Figure 3: (A) Y-maze average alternation (total visits-2 / triads) per treatment, (B) Sex-separated 
Y-maze average alternation results (total visits-2 / triads) per treatment. 
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Conclusion & Discussion.  
 
In this report, we aimed to answer the research question: Is TNF(-α) modulation a viable therapeutic 
approach to improve working memory in murine Alzheimer’s disease models? To do this, we 
conducted several experiments consisting of 3 immunostainings, a cytotoxicity assay on Kym-1 cells 
and a Y-maze behavioral analysis. The immunostaining for Olig-2 & Synapsin yielded some antibody 
signal; however, due to high background noise and the inability to compare between the groups due to 
only some of the groups having a signal, this resulted in the inability to do a propper analysis. An 
extra point of discussion concerning the Synapsin-1 staining is that we lost the negative controls for 
this stain and were forced to use one of the NeuN negative controls for analysis. This did not show 
much unspecific binding after analysis in ImageJ. This, however, is pretty weird since for the NeuN 
staining, the negative control showed a lot of signal which could indicate high levels of unspecific 
binding or improper washing or blocking. So overall, the immunostaining results can not be 
considered useful and should be revised. Possible reasons could be improper washing of the slices or 
insufficient blocking in the case of unspecific binding Another possibility is antibody degradation, as 
multiple lab groups reported similar staining issues. The addition of a positive control and extra 
careful washing and pipetting can be good ways to improve upon the previous attempt. Furthermore, 
trying another blocking agent can be a good way to reduce nonspecific binding sites (Ramos-Vara, 
2005). It would also be of great interest to include TNFR1 antagonist or TNFR2 agonist treated mouse 
slides to see if the compounds can rescue any created damage.  
 
For the cytotoxicity assay on Kym-1 cells the results were more in line with expectations, seeing a 
negative correlation between STAR2 concentration and cell viability. This was primarily the case for 
the 37°C compound, which showed a clear negative correlation for the group results as well as in both 
individual plates. For the 4°C compound, the correlation was only clearly visible in the plate 
containing no clear contamination. Even though this was the case, it was not expected that the 37°C 
compound would show a better negative correlation than the 4°C stored compound. A possible 
explanation for this phenomenon could lie in the degradation of the STAR2 compound. It could be 
that when the compound is stored at 37°C it slowly degrades or oxidizes into toxic breakdown 
products. The fact that the difference in cell viability between the 4°C and 37°C stored compound is 
highest at 1000 ng/mL supports the idea that even more cytotoxic breakdown products are being 
formed when STAR2 is stored at 37°C. By addressing this possibility we also come to one of the 
flaws of this experiment. Due to STAR2’s effectivenes being tested through its cytotoxicity all other 
cytotoxic pathways of the molecule are also taking into the considieration and are thus effectively 
masked by the experimental setup. Although no published data currently demonstrate that STAR2 
produces toxic degradation products when stored at 37°C, it is generally accepted that higher 
concentrations of biologically active compounds can induce off-target cytotoxic effects (Rang & 
Dale’s Pharmacology, 2023). Additionally, protein-based therapeutics are known to degrade over time 
at elevated temperatures, which can lead to the formation of bioactive or toxic byproducts (Wang, 
1999). To eliminate these effects from the equation, you would have to run an extra control 
experiment with a different cell line not expressing TNFR1 & TNFR2 receptors and assess the 
compound's cytotoxicity there as well.  
 
For the behavioral analysis, no significant differences between the two groups could be found; this 
still applied when the sexes were separated. This insignificance is likely to have occurred due to the 
y-maze not being the right behavioral test to address hippocampal damage. The Y-maze is known to 
evaluate short-term working memory; this is however not primarily hippocampus dependent, allowing 
other brain regions to take over in the case of damage in the J20 model. “Short-term working memory 
evaluated in the Y-maze is mediated by neurons in the pre-frontal cortex, ventral striatum and 
hippocampus, whereas spatial learning memory assessed in the MWM is mainly 
hippocampus-dependent.” (Ortí-Casañ et al., 2023). Due to the nature of the Y-maze test, detecting 
significant differences was difficult, eventhough hippocampal function could have already been 
compromised in the J20 model. To have a better look into the hippocampal functioning of the mice a 
different behavioural test like the morriswatermaze (MWM) should be chosen. Taking all this into 
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consideration, the results from the Y-maze videos were as expected. Looking into the future, it could 
be of great interest to not only look at a TNFR1 antagonist but also include a behavioral study for a 
TNFR2 agonist like STAR2 especially since the cytotoxicity assay also involved STAR2. 
 
This report explored whether TNF(-α) modulation is a viable therapeutic approach to improve 
working memory in Alzheimer's disease models. While immunostaining data were inconclusive due 
to technical limitations and poor signal quality, the cytotoxicity assay revealed a dose-dependent 
STAR2 cytotoxic effect, indicating biological activity of the compound. The behavioral Y-maze 
analysis revealed no significant improvement in working memory after TNFR1-antagonist treatment, 
likely due to test limitations rather than treatment inefficacy. Although definitive conclusions could 
not be made, these findings provide preliminary support for further research into TNFR-targeted 
therapies. 
 
AI use declaration: 
 
During the writing of this report, OpenAI's ChatGPT was used in a professional manner. The tool was 
used to improve sentence clarity, enhance overall structure, and provide support with R code 
development and troubleshooting. All content was reviewed and edited by the author to ensure 
accuracy and appropriateness. 
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Supplementary figure 1: (A) gel electrophoresis result after mouse tail DNA isolation red 
arrow indicates spillover from nearby well (3 or 5) generating faint band, (B) full gel image 
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