
 

Modelling Alzheimer’s disease: good 
intentions, poor choices? 
More than 400 therapeutic approaches with preclinical success have failed to reach market 
over the years; this lack of success may be explained by use of the wrong behavioural tests 
in animal models. 

By Gréta Utassy, FRAME studentship awardee 

In England and Wales, the leading cause of death was dementia (prior to the COVID-19 pandemic) with 
Alzheimer’s disease being the most common cause behind it1,2. This disorder has devastating consequences 
on both a personal and an economic level without clear routes of prevention or treatment1 – motivating 
countless research groups to develop a solution. More than 400 therapeutic approaches to Alzheimer’s 
Disease with promising preclinical results have failed to reach market over the years; this lack of success 
may be explained by common pitfalls related to study design choices in animal research. When modelling 
neurodegenerative disease this includes the choice of a relevant research model, choice of behavioural test 
to evaluate cognitive improvement and the study design. Here I review the translational viability of different 
mouse models used in Alzheimer’s research from 2010 – 2020. I assessed the relevance of the different 
mouse models used against pathology and symptoms specific to Alzheimer’s, evaluating the translational 
potential of each strain. I also assess the reporting 
and design of the studies reviewed and discuss the 
relevance of behavioural test choice in this type of 
research.  

What is Alzheimer’s disease? 

Alzheimer’s disease is a progressive 
neurodegenerative disorder meaning that the brain 
cell loss (“neurodegeneration”) observed gets worse 
over time. This loss leads to a wide range of 
symptoms, dementia or memory loss being one of 
the most well-known – however, this disorder is 
much more than that (Table 1). Patients can present 
with language difficulties, depression, hallucinations 
among others – eventually disrupting both simple 
and complex daily life tasks (for example, getting 
dressed and grocery shopping, respectively)4. 

Most people get diagnosed when their loved ones 
notice the changes in behaviour these symptoms 
come with – however, scientists have long been 
aware that the disease-causing changes start 
decades before the first symptoms appear1. These 
molecular and cellular characteristics are well- 
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Figure 1. The pathological mechanisms behind 
Alzheimer’s disease. Changes in production or in clean-
up of Aβ can lead to deposits which then disrupt essential 
functions eventually leading to the onset of symptoms. 

 



described and always include an accumulation of so called amyloid β deposits (Figure 1), neurodegeneration 
in certain brain areas and the formation of “neurofibrillary tangles” that are thought to be destructive1,2. 
Outside of this, minor behavioural changes and the inflammation of brain cells is also a commonly accepted 
feature of Alzheimer’s disease1,2. 

The exact cause of these events is yet to be discovered; however, most scientists believe that the formation 
of amyloid deposits is one of the key components1 (although some suggest that they might have at least 
partial protective properties5). 

Most of us are familiar with the late-onset Alzheimer’s disease that is responsible for more than 99% of all 
cases, however, there is another type called early-onset Alzheimer’s disease which can run in the family. 
Unlike the common form, multiple genes were identified that put an individual at risk of developing the early-
onset version of the disorder. As not nearly as much is known about the late-onset Alzheimer’s, and their 
courses appear to be similar, many scientists justify using these genes as a starting point of their research 
tackling questions about its development1,6. 

The heritable genetic alterations mainly affect one or more of three key proteins: amyloid precursor protein 
(APP), presenilin 1 (PSEN1 or PS1) and presenilin 2 (PS2). In health, the cutting up of APP forms the 
amyloid β (Aβ) protein which is then cleaned up via various mechanisms1 (Figure 1A). In disease, however, 
the Aβ is cut longer than it should be more often than in healthy individuals1,6,7 and it starts to accumulate 
leading to deposits. This accumulation could be due to increased production of Aβ overwhelming the 
cleaning processes (Figure 1B), less efficient cleaning (Figure 1C) or a combination of the two6.  

1.2. Why study it? 

Understanding the disease-causing mechanisms of Alzheimer’s disease could lead to earlier detection which, 
especially in the case of a progressive disorder, means providing the best chances for the patient. The 
preclinical phase (when no symptoms are present) is thought to be the ideal therapeutic target, however, 
most patients are not aware of their condition until the onset of dementia1. 

To find answers about how to detect it early and potentially stop or even reverse the damage, scientists have 
been keen to use rodent models once genetic engineering became more accessible in the 1990s2. This 
technological advancement was necessary for this type of work as rodents do not develop an Alzheimer’s-
like disorder naturally1. 

There are other techniques available (see discussion), however, as often in research, animal models are 
more readily used, the focus of my review was on the mouse models most used when studying preclinical 
features and potential treatment options. 

1.3. Animal models under the scope 

The amyloid deposit formation (Figure 1) is a widely accepted and evidenced characteristic of Alzheimer’s 
disease, therefore it is no surprise that their presence is a key component of many scientific approaches. 

Cognitive 
Dysfunction 

Psychiatric & behavioural 
disturbances 

Difficulties with 
daily activities such as: 

Memory loss Depression Shopping 
Language difficulties Hallucinations & delusions Driving 
Executive dysfunction Agitations Dressing & eating unaided 

Table 1. Alzheimer’s disease 
is much more than memory 
loss; the symptoms affect all 
aspects of life of the patient and 
their loved ones. 

 



These APP mouse models can broadly be grouped into two main generations based on the techniques they 
used to create the genetically altered animals. 

First generation mouse models 

The first generation uses a “transgenic” technique which means that one or more tweaked human gene called 
transgene (here, in all cases APP, sometimes in combination with others) is delivered to the mice where the 
human gene is inserted into their genetic database. This technique, albeit often used, has multiple caveats 
that all models in this generation suffer from: for example, there is a risk that the transgene is inserted into 
an unwanted place that in turn alters other mechanisms leading to undesirable and unpredictable 
consequences1. These complications cannot be predicted nor controlled for. 

Based on the number of different transgenes delivered, the first generation can be further broken down into 
three subgroups: single, double, and triple transgenic mice. 

Single transgenic: The first ever mouse lines that were produced with the intention of modelling AD. The 
mice receive copies of one transgene (APP) only. In my review, I have included five: PDAPP8, Tg25769, 
APP2310, J2011 and TgCRND812. 

Double transgenic: These mouse lines (APP/PS113 and 5XFAD14) received transgenic copies of both APP 
and PSEN1. 

Triple transgenic: 3xTg-AD mouse lines harbour three different transgenes (PSEN1, APP and tau). Tau is 
linked to another key Alzheimer’s-characteristic, neurofibrillary tangles. 

Second generation mouse models 

These models are relatively recent – NL-F and NL-G-F were developed by Saito and colleagues in 2014 
using a different technique called “knock-in” strategy15. Instead of overproducing APP (leading to overall 
increased Aβ levels), they “humanised” the mouse’s own while introducing previously explored mutations. 
Due to the technique, they could create their own negative control when using non-mutated humanised gene 
carrying mice. 

1.4. Aims of the project 

My project had two main goals: to assess translational viability and potential reproducibility. For translational 
validity, I was curious to explore how well this selection of often-used mouse models reproduce the 
characteristics of Alzheimer’s’ disease. On top of this, I also explored the potential reproducibility of published 
studies involving the strains identified by using ‘The ARRIVE Essential 10: Compliance Questionnaire”. 

2. Methods of Assessment 

Translational Validity 

The 25 binary questions shown by Table 2 can be broken down into five key groups, with the middle three 
being of special importance: molecular, cellular, and behavioural characteristics. I created this scoring sheet 
based on the clinical presentation of Alzheimer’s disease in humans1,2 where the maximum score achievable 
for each model was 25 (with a hypothetically “ideal” scoring 25). When deciding whether a model was an 
appropriate model for the disorder, I found it important to appreciate the limitations of them outside of the 
species difference – this was the fifth group of questions. 

The default score for each strain was 0 unless proven otherwise (except for Q5.3.2. concerning sudden 
death), the points then were added up and divided by 25 to present as a percentage score: results above 



70% were considered as appropriate models of preclinical Alzheimer’s disease; from 80%, they were good, 
and above 90%, were great models. 

  Criteria Scoring Ideal model 

1 Overview     

  1 Strains     

  2 Does it model AD? Yes = 1, No = 0 1 

2 Molecular characteristics     
  1 Senile plaques     

    1 Present? Yes = 1, No = 0 1 
      1 Before/without cognitive impairment? Yes = 1, No = 0 1 

      2 Is the appearance progressive? Yes = 1, No = 0 1 

    2 Location     

      1 Cerebral cortex? Yes = 1, No = 0 1 
      2 Hippocampus? Yes = 1, No = 0 1 

    3 Is it the right size? Yes = 1, No = 0 1 

    4 Is it the Ab1-42/Ab1-40 ratio increased? Yes = 1, No = 0 1 

  2 Nurofibrillary tangles     

    1 Present? Yes = 1, No = 0 1 
      1 Is the appearance progressive? Yes = 1, No = 0 1 

3 Cellular characteristics     

  1 Neural loss? Yes = 1, No = 0 1 

  2 Is neurodegeneration present? Yes = 1, No = 0 1 

  3 Are there any signs of innate immune activation? Yes = 1, No = 0 1 
    1 Is astrocytosis activated? Yes = 1, No = 0 1 

    2 Is microgliosis activated? Yes = 1, No = 0 1 

  4 Synaptic disruptions? Yes = 1, No = 0 1 

4 Behavioural characteristics     

  1 Are there any behavioural abnormalities observed? Yes = 1, No = 0 1 

  2 Is the cognitive function affected? Yes = 1, No = 0 1 

  3 Is it progressive? Yes = 1, No = 0 1 

5 Potential complications     

  1 Genetic level     
    1 Is the issue of integration of trans gene solved? Yes = 1, No = 0 1 

    2 Is there a lack of overexpression related artifacts? Yes = 1, No = 0 1 
    3 One or less mutations introduced? Yes = 1, No = 0 1 

    4 Are non-coding regions present? Yes = 1, No = 0 1 

  3 Other     

    1 Is there a suitable negative control? Yes = 1, No = 0 1 

    2 Is there no sudden death linked to it? Yes = 1, No = 0 1 

              25 

Table 2. Marking criteria for mouse model strains. Ideal model as an example can be seen on the right side with a 
maximum score of 25. All other strains were compared to this score to assess reliability for modelling Alzheimer’s 
disease. 



Potential Reproducibility 

The ARRIVE Essential 10: Compliance Questionnaire was adapted to score 5-10 original research articles 
for each strain (Table 3). The ARRIVE Guidelines were created by NC3Rs with the intention to aid both 
authors and editors to publish their results in a clear, easy to understand manner in a way that could 
potentially be reproduced by other gr oups (2.0 version explained in more detail by Percie du Sert and 
colleagues16). 

Section Questions Comments 

1 Study Design 1 Are all experimental and control groups clearly identified? e.g., if strains are identified 

    2 Is the experimental unit (e.g. an animal, litter or cage of 
animals) clearly identified? 

e.g., if strains are identified 

2 Sample Size 1 Is the exact number of experimental units in each group at the 
start of the study provided? 

e.g., in the format of 'n=' 

    2 Is the method by which the sample size was chosen explained?   

3 Inclusion & 
Exclusion 
Criteria 

1 Are the criteria used for including and excluding animals, 
experimental units or data points provided? 

Exclusion of females was not 
accepted unless justified to not 
favour sexism in neuroscience 

    2 Are any exclusions of animals, experimental units, or data 
points reported, or is there a statement indicating that there 
were no exclusions? 

  

4 Randomisation 1 Is the method by which experimental units were allocated to 
control and treatment groups described? 

If genotypes were randomly 
assigned due to mating and 
wild type animals were used as 
controls, yes 

5 Blinding 1 Is it clear whether researchers were aware of, or blinded to, the 
group allocation at any stage of the experiment or data 
analysis? 

  

6 Outcome 
Measures 

1 For all experimental outcomes presented, are details provided 
of exactly what parameter was measured? 

  

7 Statistical  1 Is the statistical approach used to analyse each outcome 
detailed? 

  

   Methods 2 Is there a description of any methods used to assess whether 
data met statistical assumptions? 

Optional 

8 Experimental 
Animals 

1 Are all species of animal used specified?   

    2 Is the sex of the animals specified?   

    3 Is at least one of age, weight or developmental stage of the 
animals specified? 

  

9 Experimental 
Procedures 

1 Are both the timing and frequency with which procedures took 
place specified? 

Optional 

    2 Are details of acclimatisation periods to experimental locations 
provided? 

Optional 

10 Results 1 Are descriptive statistics for each experimental group with a 
measure of variability? 

e.g. mean and SD, or mean and 
range 

    2 Is the effect size and confidence interval provided? Optional 

Table 3. The ARRIVE Essential 10: Compliance Questionnaire 



The scoring sheet consists of 10 points with 1-3 binary questions each (Table 3). For every ‘Yes’, 1 point 
was given, and the maximum score varied based on the inclusion of optional questions which were not 
relevant to the type of research conducted (e.g., Section 9 was only relevant to behavioural experiments, not 
purely molecular ones). 

Due to the variability of the maximum scores, individual percentage scores were given for each article and 
the averages of those were taken for each strain. For easing interpretation, the scores were categorised into 
groups of ‘poor’ (x ≤ 60%), ‘acceptable’ (60% < x < 80%) and ‘good’ (80% ≤ x) potential reproducibility. 
The scores do not represent the quality of the research undertaken. 

The selection of eligible papers was through the Classic Web of Science (v5.35) using the search code “ALL 
FIELDS: (“gene- name”) AND ALL FIELDS: (Alzheimer)” within the ‘Web of Science Core Collection’ database. 
To achieve consistency of national regulations, only research in the UK published in or after 2010 were 
included (unless the technique was developed during that period, in which case, articles were limited to 
post-technique years only). 

Reviews were excluded from analysis and, if more than ten articles came up meeting the criteria, the results 
were sorted by relevance and the top 10 hits were selected for assessment. In some cases, irrelevant articles 
were included in the results where the gene name was mentioned but was not in focus. If this happened and 
there were more papers relevant, they replaced them; otherwise the irrelevant article(s) were excluded. 

1. Results & Discussion 

Prior to diving in, I would like to again highlight the fact that rodents do not develop Alzheimer’s naturally1, 
therefore, all readers and undertakers of animal studies must bear this in mind along with the innate between-
species differences. 

All models from both generations present with progressive Aβ deposits in the relevant brain regions17,18,19 
which is one of the major marks of preclinical Alzheimer’s disease – alongside which they also meet the 
criteria for disruptions in brain cell connectivity to varying levels1,17,20,21,22, and immune activation as well1,18,23. 
However, this was not enough to be a suitable Alzheimer’s model: the molecular basis of these observed 
features and the limitations left us with the two second generation models as the best for the job (Table 4). 
But are baseline characteristics enough to make a good model? 

  1st generation 2nd generation 

  Single transgenic Double 
transgenic 

Triple 
transgenic Single App KI 

  PDAPP Tg2576 APP23 J20 TgCRND8 
APP/ 
PS1 

5XFAD 3xTg-AD NL-F NL-G-F 

Molecular X X X X X X ✓ X ✓ ✓ 
Cellular ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Behavioural ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
Limitations X X X X X X X X ✓ ✓ 

Overall match (%) 64 48 52 52 52 60 68 64 88 84 

Table 4. Summary of some of the mouse models commonly used for Alzheimer’s disease research. First generation 
models were found not be a suitable model for AD using this study’s parameters and even if the transgenic technique’s 
limitations were ignored, only the 5XFAD strain meets molecular, cellular, and behavioural criteria. The second 
generation, on the other hand, appears to be a good pre-clinical model for the neurodegenerative disorder. 



Generational differences 

1st generation – Is it the past? 

It is not that straightforward as this generation encompasses three groups with eight strains combined. The 
main obstacle here, however, is innate to the technique used: the unpredictability of transgene insertion site, 
the overexpression-related by-products (that could theoretically cause the desired cellular and behavioural 
consequences) and the lack of suitable negative control is an issue yet to be tackled. 

If we put the limitations to the side, however, one strain rises above the others in the generation: 5XFAD. 
This is the only one out of the eight that presents with all the essential molecular characteristics: the 
progressive Aβ deposits prior to cognitive impairment1,24 (unlike all five single transgenic strains that presents 
with behavioural deficiencies before deposit accumulation1); the deposits are the right size1 (which is only 
the case in PDAPP of the 1st generation); and the result of the ratio shift in long:short Aβ products25. 

Despite this fundamental molecular mismatch of 7/8 strains, many articles using them claim they were 
studying models of Alzheimer’s disease20,26,27,28. Regardless, the outcomes of these existing studies can still 
be useful when observed in the right context and with precaution. 

2nd generation – New hope? 

Saito and colleagues’ technique has only been around since 201415, so their profile is not as deeply explored 
as the previous generation’s. Their molecular1,15,18,29,30,31, cellular1,15,18,21,29, and behavioural1,18,21 
characteristics, however, appear as impressive as of 5XFAD’s without the worries related to random 
localisation1, overexpression-linked artifacts1, while important non-coding regions are also included18 to aid 
a more controlled function. 

Translatability of Mouse Behaviour 

During pre-clinical Alzheimer’s disease, only minor behavioural changes can be observed, mostly when 
shifting to mild cognitive impairment1. Behavioural experiments are regularly undertaken by researchers –
somewhat surprisingly, the findings even within a certain strain are not always clear or consistent. 

In their systematic review32, Stewart and colleagues explored the wide range of spatial memory tests Tg2576 
mice were used in. Their results highlighted that the frequency of use of a technique does not relate to 
sensitivity: even though Morris Water Maze was used in over half the studies explored by them, the largest 
cohorts either did not show impairment or had only moderate sensitivity. On the other hand, the less 
frequently used T-maze was found to detect genotype differences in a more sensitive manner. Their report 
also suggested that procedural differences might play a more important role in studying behaviour than 
sample size or the age of the cohort. 

Interestingly, when looking at the papers published since 2010 in the UK for all mouse strains explored, 
most researchers opt for the same behavioural memory tests (most often the non-efficient Morris Water 
Maze32) with mice, however, one group equipped non-conventional behavioural paradigm. Romberg and 
colleagues33 opted for a touch screen-automated cognitive test battery in acknowledgement of the fact that 
results from traditional memory tests on mice do not translate well to the presentation in humans. Their 
approach was inspired by the use of this technique in patient diagnosis, thereby increasing the relevance to 
human results with recording attention deficits and executive function alongside memory impairment. The 
change in paradigm was successful with their mice yielding results matching that of early-stage Alzheimer’s 
disease patients. 



Both research groups10,11 shine light on how even the best model could be useless if the wrong tests are 
used. If using animals to study behavioural deficits in the future, the behavioural tests should be carefully 
chosen with maximising translatability. 

This revelation mainly implicates the behavioural scores of my translatability assessment: I found all animal 
models to be presenting with the desirable behaviour – but what if these are false positives (with the 
exception of Romberg and colleagues’ study33) due to the poor translatability of behavioural paradigms to 
human pathology? 

How do researchers decide which strain to use - if any? 

When choosing any research model or method, reading prior studies to explore the potentials is one of the 
first major steps. Reviews of pre-existing rodent models can inform scientists deciding whether to go ahead 
with animal models in the first place and if so, which one to use. It should not be forgotten that review 
articles published prior to 2014 do not include the second-generation models, but nonetheless, provide 
valuable information. 

To decide whether an article replicates the pathology of Alzheimer’s disease, having as much information as 
possible about the study is crucial to allow readers to judge the validity of the results themselves, and provide 
details of the methodology so that the study to be replicated and reproducibility assessed. The quality of the 
experimental design and the detail in the reporting of the studies for this reason, was assessed in my project 
to establish ‘potential replicability’ of each research paper16. 

Overall, papers using either generation scored above 65% for each strain on average, however the ratios of 
papers in ‘poor’, ‘acceptable’ and ‘good’ categories varied between groups (Figure 2). While it is reassuring 
to see that the ‘good’ and ‘acceptable’ articles were more than 2/3rds of each group of strains, there is still 
room to grow. 

For my project, this means that the results found when scoring the mouse models should be interpreted 
carefully as, if generalised, more than 30% of the original studies were not considered potentially replicable. 
Research that is poorly designed and/or reported will likely have poor reproducibility which means the 
outcomes cannot be replicated putting a question mark over the validity of the original research. Authors 
and journal editors have a responsibility to ensure this is not the case by including specific details and 
information in published papers. 

One of the most surprising outcomes of the assessment was that, despite the repeated description of the 
importance of the genetic background of mice34, many papers reviewed did not include this crucial 
information.  

Is there a future for mouse models in Alzheimer-research? 

Animal (especially rodent) models are often the first choice, but that does not mean that they are the best 
option available. As presented above, despite the low-quality match for Alzheimer’s disease pathology, first 
generation of transgenic mice are still equipped and presented as Alzheimer’s disease-models. 

The emergence of more efficient rodent models1,15 might open a new door for further animal research, 
however, the impact of producing such models cannot be ignored: creating and maintaining knock-in lines 
like the second generation is not just time consuming but requires a high number of animals to create, 
around four units of rodents to create one unit of rodents for experiments35. The numbers are not the only 



issue: the impacts of genetic modification of other circuits and animal welfare are not clear either (See more 
here).  

If going ahead with animal experiments, following a set of guidelines like the ARRIVE 2.0 introduced last 
year, increases the transparency and accuracy of the published results16. Although hundreds of journals have 
endorsed this and the earlier version of the guidelines, only a few made meeting a set of ARRIVE-based 
criteria mandatory for in vivo experiments (Further information can be found here). One way the quality of 
ongoing research could be raised is by using clinically more translatable models as described by Romberg 
and colleagues33. 

Opportunities like the F1000Research gateway and the UnTangle CRACK IT Challenge motivate researchers 
at all career stages to develop and equip methods that reduce or replace animal use by overcoming 
challenges of traditional approaches. It gives hope that even outside of these high-funded programs, 
computer models for real-time diagnosis of early Alzheimer’s disease are being developed36 as well as 
biophysical computer models of pathology guiding drug development37. 

By carefully considering options available based on more informative and replicable articles scientists can 
choose the best model for their purposes (animal or not), develop more sensitive and accurate computer 
models, and make the progress of research more efficient – consequently providing better chances for 
patients, their families along with reducing the number of animals used in the field16. 

Approaching Alzheimer’s disease from another angle 

As mentioned in the introduction, the animal models use mutations associated with early-onset Alzheimer’s 
disease – which accounts for less than 1% of all cases. The remaining are late-onset Alzheimer’s – of which 
the exact cause is yet to be discovered1,4,6, although numerous common variants associated with this type 
have already been identified6. In contrast to the early-onset mutations which increase production, these 
appear to be linked to abnormal cleaning-up which leads to the Aβ deposits6. 
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Figure 2. The proportion of papers complying with the ‘ARRIVE Essential 10’ guidelines. The ARRIVE Essential 10: 
Compliance Questionnaire was adapted for scoring 5-10 research papers for each mouse model strain. Due to the 
variability of the maximum scores, individual percentage scores were given for each article and the averages of those 
were taken for each strain.  The colour code represents which category the articles were put in (medium shade = 
good replicability (reaching 80% or higher), lightest shade = acceptable replicability (scoring between 60-80%), 
darkest shade = poor replicability (achieving 60% or less)).  
A. Single transgenic strains: papers from PDAPP, APP23, Tg2576, J20 and TgCRND8 research were used. (First 
generation) 
B. Double transgenic strains: APP/PS1 and 5XFAD articles were combined. (First generation) 
C. Triple transgenic strain: 3xTg-AD papers were used. (First generation) 
D. Knock-in strains: the scores of NL-F and NL-G-F strains were pooled. (Second generation) 



On a cellular level, “microglia” (immune cells within the central nervous system) are responsible for plaque-
clearance6, in patients with late-onset disease, however, the network of immune reactions appear to have 
alterations disrupting this clearing process38. For instance, changes in the number of copies a cell has of a 
gene that produces a molecule assisting Aβ-clearance4, limits the capability to clear Aβ leading to increased 
inflammation in the brain6. 

Analysis of the patterns in genetic characteristics of patients with late-onset Alzheimer’s disease may reveal 
potential targets for preclinical diagnosis as well as give us a better understanding of the underlying 
mechanism behind more than 99% cases. 

2. Conclusions 

In the review I have carried out here it is clear choosing the right model is not enough, especially when it 
comes to the use of animal models. The design of the experiment, memory test type and reporting of the 
methods and results all influence the outcomes of the research and how they can be used. Using rodent 
models as discussed above, and following the ARRIVE 2.0 guidelines or similar, improves the transparency 
and replicability of the outcomes leading to a bigger potential impact on science in the future. 

It must also be understood that the use of animals is not the only route for Alzheimer-research – genome 
wide association studies (“approach that involves rapidly scanning markers across the complete sets of DNA, 
or genomes, of many people to find genetic variations associated with a particular disease” as defined by 
the National Human Genome Research Institute) can provide information about the late-onset Alzheimer’s 
disease and other nonanimal, human relevant research methods may hold the key to improving our 
understanding of the underlying mechanisms causing Alzheimer’s disease and improve treatment options. 

The continuing focus on improving the characteristics of genetically modified mouse strain for this type of 
research may produce a living model that is closer to the human condition but will still have limitations and 
require large numbers of animals to produce – making it even more prominent that the appropriate 
behavioural tasks are used (if used) and the results are appropriately reported.  

References 

1 Sasaguri, H., Nilsson, P., Hashimoto, S., Nagata, K., Saito, T., De Strooper, B. ... Saido, T.C. APP mouse models for 
Alzheimer’s disease preclinical studies. The EMBO Journal. 36(17), pp. 2473-2487. 

2 Dawson, T.M., Golde, T.E. and Lagier-Tourenne, C. 2018. Animal models of neurodegenerative diseases. Nature 
neuroscience. 21, pp. 1370-1379. 

3 Roberts, P.D., Spiros, A. and Geerts, H. 2012. Simulations of symptomatic treatments for Alzheimer’s disease: computational 
analysis of pathology and mechanisms of drug action. Alzheimer’s Research & Therapy. 4, 50. doi:10.1186/alzrt153. 

4 Burns, A. and Iliffe, S. 2009. Alzheimer’s disease. The BMJ. 338(b.158), pp. 467-471. 
5 Huang, Y., Happonen, K.E., Burrola, P.G., O’Connor, C., Hah, N., Huang, L. … Lemke, G. 2021. Microglia use TAM receptors 

to detect and engulf amyloid plaques. Nature Immunology. 22, pp. 586-594. 
6 Rosenberg, R.N., Lambracht-Washington, D., Yu, G. and Xia, W. 2016. Genomics of Alzheimer Disease: A Review. JAMA 

Neurology. 73(7), pp. 867-874. 
7 Kerrigan, T.L., Brown, J.T. and Randall, A.D. 2014. Characterization of altered intrinsic excitability in hippocampal CA1 

pyramidal cells of the Aβ-overproducing PDAPP mouse. Neuropharmacology. 79(100), pp. 515-524. 
8 Games, D., Adams, D., Alessandrini, R., Barbour, R., Borthelette, P., Blackwell, C. ... Zhao, J. 1995. Alzheimer-type 

neuropathology in transgenic mice overexpressing V717F beta-amyloid precursor protein. Nature. 373(6514), pp. 523-527. 
9 Hsiao, K., Chapman, P., Nilsen, S., Eckman, C., Harigaya, Y., Younkin, S. ... Cole, G. Correlative memory deficits, Abeta 

elevation, and amyloid plaques in transgenic mice. Science. 274(5284), pp. 99-102. 



10 Sturchler-Pierrat, C., Abramowski, D., Duke, M., Wiederhold, K.H., Mistl, C., Rothacher, S. ... Sommer, B. 1997. Two amyloid 
precursor protein transgenic mouse models with Alzheimer disease-like pathology. Proceedings of the National Academy 
of Sciences of the United States of America. 94(24), pp. 13287-13292. 

11 Mucke, L., Masliah, E., Yu, G.Q., Rockenstein, E.M., Tatsuno, G., Hu, K. ... McConlogue, L. 2000. High-level neuronal 
expression of abeta 1-42 in wild-type human amyloid protein precursor transgenic mice: synaptotoxicity without plaque 
formation. Journal of Neuroscience. 20(11), pp. 4050-4058. 

12 Chishti, M.A., Yang, D.S., Janus, C., Phinney, A.L., Horne, P., Pearson, J. ... Westaway, D. 2001. Early-onset amyloid 
deposition and cognitive deficits in transgenic mice expressing a double mutant form of amyloid precursor protein 695. 
Journal of Biological Chemistry. 276(24), pp. 21562-21570. 

13 Holcomb, L., Gordon, M.N., McGowan, E., Yu, X., Benkovic, S., Jantzen, P. ... Duff, K. 1998. Accelerated Alzheimer-type 
phenotype in transgenic mice carrying both mutant amyloid precursor protein and presenilin 1 transgenes. Nature Medicine. 
4(1), pp. 97-100. 

14 Oakley, H., Cole, S.L., Logan, S., Maus, E., Shao, P., Craft, J. ... Vassar, R. 2006. Intraneuronal beta-amyloid aggregates, 
neurodegeneration, and neuron loss in transgenic mice with five familial Alzheimer's disease mutations: potential factors in 
amyloid plaque formation. Journal of Neuroscience. 26(40), pp. 10129-10140. 

15 Saito, T., Matsuba, Y., Mihira, N., Takano, J., Nilsson, P., Itohara, S. ... Saido, T. 2014. Single App knock-in mouse models 
of Alzheimer’s disease. Nature Neuroscience. 17(5), 661- 663. 

16 Percie du Sert, N., Ahluwalia, A., Alam, S., Avey, M.T., Baker, M., Browne, W.J. ... Würbel, H. 2020. Reporting animal 
research: Explanation and elaboration for the ARRIVE guidelines 2.0. PLOS Biology. 18(7), e3000411. Doi: 
10.1371/journal.pbio.3000411. 

17 Howlett, D.R. and Richardson, J.C. 2009. The pathology of APP transgenic mice: a model of Alzheimer’s disease or simply 
overexpression of APP?. Histology and Histopathology. 24(1), pp. 83-100. 

18 Masuda, A., Kobayashi, Y., Kogo, N., Saito, T., Saido, T.C. and Itohara, S. 2016. Cognitive deficits in single App knock-in 
mouse models. Neurobiology of Learning and Memory. 135, pp. 73-82. 

19 Kosel, F., Pelley, J.M.S. and Franklin, T.B. 2020. Behavioural and psychological symptoms of dementia in mouse models 
of Alzheimer’s disease-related pathology. Neuroscience and Behavioural Reviews. 112, 634-647. 

20 Granger, M.W., Franko, B., Taylor, M.W., Messier, C., George-Hyslop, P.S. and Bennett, S.A.L. 2016. A TgCRND8 mouse 
model of Alzheimer’s disease exhibits sexual dimorphisms in behavioural indices of cognitive reserve. Journal of Alzheimer’s 
disease. 51(3), 757-773. 

21 Bevan, R.J., Hughes, T.R., Williams, P.A., Good, M.A., Morgan, B.P. and Morgan, J.E. 2020. Retinal ganglion cell 
degeneration correlates with hippocampal spine loss in experimental Alzheimer’s disease. Acta Neuropathologica 
Communications. 8, 216. Doi: 10.1186/s40478-020-01094-2. 

22 Shabir, O., Sharp, P., Rebollar, M.A., Boorman, L., Howarth, C., Wharton, S.B. and Berwick. 2020. Enhanced cerebral blood 
volume under normobaric hyperoxia in the J20-hAPP mouse model of Alzheimer’s disease. Nature Scientific Reports. 
10:7518. Doi:10.1038/s41598-020-64334-4. 

23 Duyckaerts, C., Potier, M. and Delatour, B. 2008. Alzheimer disease models and human neuropathology: similarities and 
differences. Acta Neuropathologica. 115(1), pp. 5-38. 

24 Ameen-Ali, K.E., Wharton, S.B., Simpson, J.E., Heath, P.R., Sharp, P. and Berwick, J. 2017. Review: Neuropathology and 
behavioural features of transgenic murine models of Alzheimer’s disease. Neuropathology and Applied Neurobiology. 43(7), 
pp. 553-570. 

25 Spencer, N.G., Lovell, D.P., Elderfield, K., Austen, B. and Howe, F.A. 2017. Can MRI T1 be used to detect early changes in 
5XFAD Alzheimer’s mouse brain? Magnetic Resonance Materials in Physics, Biology and Medicine. 30(2), pp. 153- 163. 

26 Katsouri, L., Vizpcaychipi, M.P., McArthur, S., Harrison, I., Suárez-Calvet, M., Llelo, A. ... Sastre, M. 2013. Prazosin, an a1-
adrenoreceptor antagonist, prevents memory detoriation in the APP23 transgenic mouse model of Alzheimer’s disease. 
Neurobiology of Aging. 34(4), pp. 1105-1115. 

27 Bascoul-Colombo, C. Guschina, I.A., Maskrey, B.H., Good, M., O’Donnell, V.B. and Harwood, J.L. 2016. Dietary DHA 
supplementation causes selective changes in phospholipids from different brain regions in both wild type mice and the 
Tg2576 mouse model of Alzheimer’s disease. Biochemica et Biophysica Acta. 1861(6), pp. 524-537. 

28 Ameen-Ali, K.E., Simpson, J.E., Wharton, S.B., Heath, P.R., Sharp, P.S., Brezzo, G. and Berwick, J. 2019. The time course 
of recognition memory impairment and glial pathology in the hAPP-J20 mouse model of Alzheimer’s disease. Journal of 
Alzheimer’s disease. 68(2), pp. 609-624. 



29 Mehla, J., Lacoursiere, S.G., Lapointe, V., McNaughton, B.L., Sutherland, R.J., McDonald, R.J. and Mohajerani, M.H. 2019. 
Age-dependent behavioral and biochemical characterization of single App knock-in mouse (APPNL-G-F/N-G-F) model of 
Alzheimer’s disease. Neurobiology of Aging. 75, pp. 25-37. 

30 Enzlein, T., Cordes, J., Munteanu, B., Michno, W., Serneels, L., De Strooper, B. ... Hopf, C. 2020. Computational analysis 
of Alzheimer amyloid plaque composition in 2D- and elastically reconstructed 3D-MALDI MS images. Analytical Chemistry. 
92(21), pp. 14484-14493. 

31 Michno, W., Stringer, K.M., Enzlein, T., Passarelli, M.K., Escrig, S., Vitanova, K. ... Hanrieder, J. 2021. Following spatial Ab 
aggregation dynamics in evolving Alzheimer’s disease pathology by imaging stable isotope labelling kinetics. Science 
Advances. 7(25), eabg4855. doi: 10.1126/sciadv.abg4855. 

32 Stewart, S., Cacucci, F. and Lever, C. 2011. Which memory task for my mouse? A systematic review of spatial memory 
performance in the Tg2576 Alzheimer’s mouse model. Journal of Alzheimer’s Disease. 26, pp. 105-126. 

33 Romberg, C., Horner, A.E., Bussey, T.J. and Saksida, L.M. 2013. A touch screen-automated cognitive test battery reveals 
impaired attention, memory abnormalities, and increased response inhibition in the TgCRND8 mouse model of Alzheimer’s 
disease. Neurobiology of Aging. 34(3), pp. 731-744. 

34 Hall, A.M. and Roberson, E.D. 2012. Mouse models of Alzheimer’s disease. Brain Research Bulletin. 88, pp. 3-12. 
35 NC3Rs. 2018. Generation and breeding of genetically altered mice. Available at: https://nc3rs.org.uk/generation-and-

breeding-genetically-altered-mice. Accessed on: 06.09.2021. 
36 Nawaz, H., Maqsood, M., Afzal, S., Aadil, F., Mehmood, I. and Rho, S. 2020. A deep feature-based real-time system for 

Alzheimer disease stage detection. Multimedia Tools and Applications. Doi: 10.1007/s11042-020-09087-y. 
37 Roberts, P.D., Spiros, A. and Geerts, H. 2012. Simulations of symptomatic treatments for Alzheimer’s disease: computational 

analysis of pathology and mechanisms of drug action. Alzheimer’s Research & Therapy. 4, 50. doi:10.1186/alzrt153. 
38 Zhang, B., Gaiteri, C., Bodea, L., Wang, Z., McElwee, J., Podtelezhnikov, A.A. ... Emilsson, V. 2013. Integrated systems 

approach identifies genetic nodes and networks in late-onset Alzheimer's disease. Cell. 153(3), pp. 707-720. 


