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A disconnect between animal 
models and human AD patients
Alzheimer’s disease (AD) is a devastating 
illness and the leading cause of dementia 
in older adults. As with other neurological 
disorders, the study of AD relies on ani­
mal models in conjunction with human 
studies to explore the pathogenesis of the 
disease and to develop treatments to slow 
or prevent disease progression. Thus far, 
treatments with agents such as acetylcho­
linesterase (AChE) inhibitors to alleviate 
the cognitive deficits associated with AD 
produce only modest cognitive improve­
ments that are neither permanent nor 
preventative of further decline (1, 2). To 
better predict the efficacy of therapeutic 
strategies, it is necessary to develop trans­
latable paradigms that reliably model 
cognitive impairment (and improvement) 
across species, as discussed for other 

diseases with cognitive deficits such as 
schizophrenia (3, 4).

The pathogenesis and biological sig­
natures of AD are well established, and 
several mouse lines have been developed 
to mimic β amyloid plaque and tau neuro­
fibrillary tangle formation (5, 6). These 
models often exhibit cognitive deficits 
similar to those observed in patients at 
various stages of AD. Directly translat­
able comparisons are limited, however, 
because rodents are assessed with etho­
logically relevant tasks, while patients are 
tested using pen and paper.

For rodents, the most commonly used 
test of spatial learning and memory is the 
Morris water maze (MWM). There are 
several versions of the MWM designed to 
assess various elements of spatial learning 
and memory, and several mouse models 
of AD exhibit impaired performance in 

the MWM. Classic human tests rely more 
on memory tests that are based on short 
stories or visual image reproductions (5). 
Recently, the MWM has been reverse 
translated for use in humans, providing evi­
dence that patients with AD are impaired 
in two­dimensional, real space, and virtual 
reality versions of the task (7–10).

Although performance in the MWM 
of both mice and humans relies on hippo­
campal integrity (7, 11), especially the right 
hippocampus for AD patients (12), the 
extent to which rodent MWM performance 
can predict and be compared with human 
performance was heretofore unknown. 
In this issue, Possin et al. (13) assessed the 
translatability of MWM findings by using 
comparable mouse and human MWM para­
digms and measures (Table 1 and Figure 1), 
enabling direct comparisons across species.

Performance comparison 
of species-specific MWM 
paradigms
Both mouse and human versions had 
three test stages: visible target training, 
hidden target learning, and a probe test. 
The human test took place in a virtual cir­
cular field that was navigable with a steer­
ing wheel. This methodology enabled 
first­person exploration of the space to find 
a reward. Mice, however, had to navigate 
through water to find first the visible, then 
hidden escape platforms. The performance 
measures analyzed for the visible and hid­
den target stages were distance (mean 
proximity to the target), latency (percent­
age of time spent in the target quadrant), 
and cumulative search error (CSE) (the 
cumulative distance from the platform, col­
lected in 1­s averages) (see ref. 14). During 
the probe test, the performance measures 
were mean proximity to the target location 
and percentage of time spent in the target 
quadrant. Hence, the outcome variables 
were consistent across species.

To analyze these outcome variables, 
Possin and colleagues developed and 
assessed the use of “rank summary scores” 
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Although the cognitive and biological characteristics of Alzheimer’s 
disease (AD) are well known and mouse models of AD are available, current 
treatments for AD-related cognitive deficits have quite limited efficacy. 
The development of tasks with cross-species validity may enable better 
prediction of the efficacy of potential new treatments. In this issue of 
the JCI, Possin et al. present a virtual version of the Morris water maze (a 
common test of spatial learning and memory for rodents) that is designed 
for use with humans. The authors tested a mouse model of AD (transgenic 
mice expressing human amyloid precursor protein [hAPP]) and patients in 
the earlier mild cognitive impairment (MCI) stage of AD in their respective 
versions of the maze. Using novel statistical methods, they detected similar 
deficits across species, providing support for the hAPP model and use of the 
virtual water maze. Importantly, this work enabled recommendations for 
appropriate sample sizes when developing potential therapeutics for AD.
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Conclusions and future 
directions
These results demonstrate the value of 
consistently using behavioral tests and 
parameters that can be conducted in 
humans and rodents and provide strong 
support for the hAPP mouse model of 
AD. Several key differences in task design 
should be noted, however. As already 
intimated, the difference in motivational 
drive could underlie differences in phar­
macological effects (Table 1 and Figure 
1). Karl et al. (17) addressed this issue by 
using the cheeseboard task, a “dry ver­
sion” of the MWM, in which the mice 
had to remember the location of a food 
reward on a circular platform. There were 
no differences between hAPP mice and 
controls in the training phase (though 
using rank summary scores might reveal a 
difference), but the hAPP mice spent sig­
nificantly less time in the target quadrant 
during the probe test than did the controls. 
Use of this dry version with some adjust­
ments to the human task would help to 
equate motivational drive, albeit with the 
added confounding factor of food depriva­
tion for the mice. Alternatively, the human 
MWM could be altered so that the subjects 

response (swimming around the outside of 
the pool), as the water tank is stressful for 
the mice. The difference in motivational 
drive between the species and the use of 
verbal instructions for humans but not 
mice could underlie this difference in vis­
ible platform learning across species.

Importantly, key deficits in hidden 
target learning were similar between MCI­
AD patients and hAPP mice. Both groups 
had greater average rank summary scores 
for distance, latency, and CSE (learn­
ing scores). During the probe test, both 
groups had greater mean proximity to the 
platform and spent a smaller percentage 
of time in the target quadrant (memory 
score). Using these data, Possin et al. also 
made recommendations for the group 
sizes necessary to detect treatment effects 
in both mouse and human test groups. 
The simple methods suggested by Possin 
et al. might enable faster and more reli­
able screening for AD treatments that can 
be performed across species, theoretically 
enhancing the translation of procognitive 
findings in rodents to the clinical patient 
population. In addition, these analyses 
could benefit other studies examining 
nonlinear learning tasks.

to compare group performance measures 
during the learning stages. Traditionally, a 
repeated­measures ANOVA is used to ana­
lyze performance measures across trials; 
however, this does not account for non­
linear learning curves, trial­to­trial vari­
ability in performance, or aborted trials, 
all of which commonly lead to unreliable 
findings. The use of rank summary scores 
enabled comparison between groups 
using a simple two­sample Student’s t test. 
Rank summary scores were calculated by 
replacing raw scores with quantile scores 
(each subject’s ranking, divided by the 
total number of subjects), which were then 
averaged across trials. Theoretically, this 
method should reduce the influence of 
outliers and eliminate the effects of non­
linear learning, nonconstant trial­by­trial 
variance, and right censoring due to trials 
aborted when the target was not found. 
The use of rank summary scores also 
enabled direct cross­species comparisons.

Possin et al. assessed the compara­
bility of the mouse and human MWM 
protocols by testing the performance of 
a mouse model of AD — transgenic mice 
expressing human amyloid precursor 
protein (hAPP of the J20 line) — as well 
as patients diagnosed with mild cogni­
tive impairment (MCI) who were likely to 
develop AD dementia (MCI-AD). This line 
of hAPP mice develops cognitive impair­
ments as early as 1 to 2 months of age, 
with spatial learning and memory deficits 
apparent by 6 months, and may be a good 
model of AD before the onset of dementia 
(6, 15, 16). Therefore, the hAPP mice and 
MCI-AD patient group might develop sim­
ilar cognitive deficits (5, 17). Indeed, both 
MCI-AD patients and hAPP mice showed 
poorer hidden target and probe trial per­
formance. In contrast to MCI-AD patients, 
however, hAPP mice exhibited deficits in 
visible platform testing, as reported incon­
sistently before (18–20). Possin and col­
leagues attributed the learning deficit to 
difficulty in relinquishing a thigmotactic 

Table 1. Timeline for MWM experiments with AD model mice and humans with MCI-AD

Visible target training Hidden target learning Probe test
Mouse 2 trials × 2 sessions × 3 days. Max. time: 60 s 2 trials × 6 days. Max. time: 90 s 18–20 h after last session. Duration: 90 s
Human 4 trials. Max. time: 5 s 10 trials. Max. time: 120 s 40 min after last session. Duration: 90 s

Max., maximum.

Figure 1. Schematic of hidden target learning arenas for mouse and human tasks. The mouse 
tasks were performed over several days, while all stages of the human tasks were performed on a 
single day. Mice were trained to swim to a hidden escape platform. Humans were trained to drive to 
a hidden treasure chest using a driving simulator that was situated in front of a computer monitor. 
For hidden target learning and probe tests, each arena was surrounded by consistent landmarks for 
spatial reference (not pictured).
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due to a continued search for the visible 
target. Furthermore, considering that the 
cognitive deficits in AD extend beyond 
such learning and memory, including 
attention and executive functioning def­
icits, future studies could test these mice 
and patients on available batteries of 
cross­species tasks, as has been discussed 
for other diseases (3, 23). The approach 
highlighted here by Possin et al. provides 
an excellent first step toward directly 
translational research that can increase the 
likelihood of procognitive treatments that 
bridge the bench­to­bedside gap.
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must similarly escape from (virtual) dan­
ger, such as a tidal wave. In addition to 
motivational differences, the human and 
mouse versions of the test differ in their 
timelines (Table 1 and Figure 1). Mice were 
tested over several days, probably requir­
ing greater hippocampal processing due to 
long­term memory consolidation, whereas 
the humans were tested on a single day, 
requiring only short­term memory. These 
limitations did not impact the similar def­
icits seen across these species, however, 
indicating that such translational compari­
sons are possible.

Although AChE inhibitors, which 
are currently approved as treatments for 
AD, produce only moderate benefits in 
patients, it would be informative to test 
both mice and patients in the MWM after 
AChE inhibitor treatment, as this would 
enable assessment of the predictive 
validity of both the hAPP mouse model 
and the MWM paradigm. The inclusion 
of these tasks in ongoing studies for 
newer treatments, such as anti­amyloid 
and anti­tau immunotherapies, would 
also be informative (1). Additionally, 
certain genetic crosses have been shown 
to attenuate spatial memory deficits in 
this hAPP mouse line (19–22). Although 
such manipulations cannot be achieved 
in patients, they might be useful to 
determine the sensitivity of each perfor­
mance measure to previously established 
genetic rescues. Future studies should 
investigate other AD models and treat­
ments using these standardized tech­
niques, and many past studies could be 
reanalyzed accordingly.

Further investigation of the under­
lying mechanisms that cause deficits in 
MWM performance by patients and ani­
mal models is warranted. For example, 
the poor performance of the mice on the 
visible target test could have been due to 
poor vision, although previous studies do 
not indicate vision problems in these ani­
mals. Additionally, an increased tendency 
for thigmotactic swimming (22) might 
indicate anxiety, helplessness, or cognitive 
inflexibility. If these mice do indeed have 
impaired flexibility, perhaps their poor 
performance on the hidden maze task is 


