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ABSTRACT 

 
Alzheimer’s disease (AD) is characterized by cognitive impairment and excessive deposition of 
neurite plaques (NPs). Although the pathogenic mechanism of AD is not exactly known, there is 
increasing evidence that amyloid beta protein (Aβ), which is the major constituent of NPs and is 
derived from amyloid precursor protein (APP), plays a key role in the neuronal degeneration in 
AD. However, because there are several discrepancies between Aβ deposition and 
neurodegeneration or cognitive impairment in AD, the possible effects of other cleavage 
products of APP need to be explored. We previously showed that a recombinant carboxyl-
terminal 105 amino acid fragment of APP (CT105) induced neurotoxicities both in vitro and in 
vivo. However, it is unclear whether learning and memory impairments and neurochemical 
changes are induced by CT105. To elucidate the in vivo neurotoxicities of Aβ and CT105, we 
examined behavioral changes using a Y-maze and a water maze task following a single 
intracerebroventricular injection of CT105 (68.5, 342 and 685 pmol) or Aβ1-42 (685 pmol) to 
mice. We also quantified the changes in the acetylcholine (ACh) level and assayed mitochondrial 
pyruvate dehydrogenase (PDH) activity. CT105 caused much more significant impairments in 
cued, spatial, and working memory performances of mice in Y-maze and water maze tasks in a 
dose-dependent manner than Aβ1-42. Also, the mice injected with CT105 revealed significant 
decreases in ACh levels and reduced PDH activities in the cerebral cortex and hippocampus 
compared with the saline-treated control and Aβ1-42-treated groups. These results suggest that 
learning and memory impairment induced by centrally administered CT105 is in some way 
related to the reduced ACh levels and mitochondrial PDH activities and that CT105 is more 
potent than Aβ in inducing cognitive dysfunction.  
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lzheimer’s disease (AD) is characterized clinically by progressive loss of cognitive 
function accompanied by deterioration of the central cholinergic system and 
histologically by neurite plaques (NPs) and neurofibrillary tangles (NFTs) in the brain (1). 

It has also been reported that the levels of acetylcholine (ACh)  were  decreased significantly in 
the cortical and hippocampal regions of the AD brain (2). It has been suggested that a diminution 
of chloinergic function is associated with the severity of cognitive dysfunction and progressive 
memory loss in patients (3). 
 
NPs are composed of β-amyloid protein (Aβ), 39–42 amino acid long, derived from the 
transmembrane region of the amyloid precursor protein (APP). Widely associated with the 
pathogenesis of AD and Down’s syndrome (DS) (4, 5), APP has a single membrane-spanning 
domain, a large extracellular N-terminus, and a short cytoplasmic C-terminus. Three alternative 
processing pathways for APP involve enzymatic cleavages: α-, β-, and γ-secretase. α-Secretase 
cleaves APP within the Aβ domain and generates a large secreted form of APP (sAPPα), thereby 
precluding the formation of the amyloidogenic Aβ (6). β-Secretase cleaves APP at the N-
terminal of Aβ, releasing C-terminal fragments of APP (CTs) and sAPPβ (4, 7). CTs can be 
further cleaved by γ-secretase, releasing Aβ. Ample evidence has recently indicated that direct 
neurotoxicity of Aβ occurs in a dose-dependent manner (8–11). It has also been demonstrated 
that Aβ enhances glutamate neurotoxicity and thus renders neurons vulnerable to excitotoxic 
(12) or metabolic insults (13). Moreover, selective cholinotoxic effects of the Aβ1-42 were 
demonstrated in vitro (14) and in vivo (9). However, a controversy surrounds the neurotoxicity of 
Aβ because Aβ peptides have exerted both neurotrophic and neurotoxic effects in cell culture 
(11). In addition, a relatively high concentration (>20 µM) of Aβ was needed to induce toxicity 
and some studies still failed to demonstrate the toxicity of Aβ in vivo (15). The effects of Aβ on 
behaviors involving learning and memory have controversial results, depending on time of 
exposure, dose, peptide lot, and aggregation (16). Also, memory impairment is found in APP 
transgenic mice without a significant elevation of Aβ (17), and significant neurodegenerative 
changes are not observed in animals whose brains were injected or implanted with Aβ (15), 
which suggests the lack of Aβ neurotoxicity. In addition, there are highly variable numbers of 
Aβ-containing diffuse plaques in normal elderly people, and Aβ deposition has been observed in 
various brain areas without accompanying neurodegeneration (18). Thus, Aβ may not be the sole 
fragment in the neurotoxicity associated with AD. The possible effects of other cleavage 
products of APP need to be explored.  
 
Although APP cleavage by β-secretase has been viewed as a seminal event in AD pathogenesis, 
ample evidence has supported in vivo toxicity of CTs as well. We previously reported that either 
extracellular or intracellular application of CT105, a recombinant carboxyl-terminal 105 amino 
acid fragment of APP, elicited strong nonselective inward currents and toxic effects in Xenopus 
oocytes (19), Purkinje cells (20), artificial planar lipid bilayer (21), and PC12 cells (22). It was 
also reported that CTs are found in media and cytosol of lymphoblastoid cells obtained from AD 
and DS patients and in NPs and NFTs (23, 24). Earlier studies showed that CTs were released 
from several different cells and/or more easily released from damaged neurons into the media or 
extracellular fluids, and thus they may affect surrounding neurons (25, 26). CT105 also 
destabilizes calcium homeostasis and renders neuronal cells vulnerable to exitotoxicity (27). 
Cognitive deficits and neuropathology reminiscent of AD were observed in animals injected 
centrally with CT105 (28) and in transgenic mice bearing CT100 peptide over expression (29). 
Transplantation of neural cells overexpressing CTs provoked widespread neuronal degeneration 
near graft sites (30). Similarly, rodent brains receiving AD-derived leptomeningeal implants 
developed congophilic amyloid deposits that contained human-derived CTs (31). CT31 that is 
generated from Aβ-bearing CTs by caspases and does not contain Aβ might contribute to the 

A 



neurotoxicity of Aβ-bearing CTs (32). These results strongly suggest that CTs play a harmful 
role in the neurodegeneration process, both in vitro and in vivo.  
 
To investigate in vivo whether central administration of CT105 or Aβ1-42 impairs learning and 
memory function accompanied by hypofunction of the cholinergic system in the mouse brain, we 
quantified cognitive deficits using a Y-maze and a Morris water maze task and their possible 
relationship to the cholinergic system. The appearance of some features of AD in these mice 
supports the hypothesis that CT105 may contribute significantly to the processes leading to 
neurodegeneration in AD. 
 
MATERIALS AND METHODS 
 
Animals 
 
Male ICR mice, aged 4–5 weeks and weighing 18–26 g at the beginning of the experiments, 
were used throughout the study. Animals were housed in plastic cages, with free access to 
standard laboratory food and water, and kept in a regulated environment (22+1oC) under a 12-h 
light / dark cycle (light on at 8:00 a.m.). Behavioral experiments were carried out between 10:00 
a.m. and 6:00 p.m. in a soundproof laboratory. After all behavioral tests were completed, the 
animals were sacrificed and the brains were rapidly removed and dissected into cerebral cortex, 
hippocampus, striatum, and thalamus for quantifying the ACh contents and mitochondrial 
pyruvate dehydrogenase (PDH) activities. All experiments were performed in accordance with 
the Guidelines for Animal Experiments of the Ethics Committee of Seoul National University. 
 
Synthesis and intracerebroventricular injection (i.c.v.) of CT105 and Aβ1-42 
 
Recombinant CT105 was prepared on the basis of human APP770 cDNA as described 
previously (33). Briefly, the expression plasmid pCS-CT105 was constructed by ligating the 704 
bp BglII-ClaI fragment excised from pSP65-APP770 into ptrpSF9 (digested with BglII and SmaI 
and treated calf intestinal alkaline phosphatase and transformed into Escherichia coli, XL1-Blue. 
CT105 peptide (Mr. 14,242) was purified by a combination of urea solubilization and ion-
exchange chromatography and then subjected to dialysis against 10 mM Tris-HCl (pH 7.4), 
followed by lyophilization. Aβ1-42 was purchased from U.S. Peptide (Rancho Cucamonga, CA) 
and aged by incubation in 0.1 M PBS (pH 7.4) at 37oC for 7 days. A single i.c.v. injection of 
CT105 (68.5, 342 and 685 pmol) or Aβ1-42 (685 pmol) was performed following the procedure 
established by Laursen and Belknap (34). In brief, each mouse was injected at bregma with a 10-
µl Hamilton microsyringe fitted with a 26-gauge needle, the tip of which was adjusted to be 
inserted 2.4 mm deep. The i.c.v. injection volume was 5 µl, and injection sites were verified by 
injecting the same volume of 1% methylene blue. The control mice were administered saline or 
scrambled CT105 (685 pmol).  
 
Y-maze task 
 
Spatial working memory performance was assessed on day 14 after the i.c.v. injection of CT105 
or Aβ1-42 by recording spontaneous alteration behavior in a Y-maze. The ability to alternate 
requires mice to know which arms have already been visited. Therefore, alteration behavior can 
be regarded as a measure involving spatial working memory (35). The maze was made of black 
painted wood. Each arm was 40 cm long, 13 cm high, 3 cm wide at the bottom, and 10 cm wide 
at the top, and it converged at an equal angle. Each mouse was placed at the end of one arm and 
allowed to move freely through the maze for 8 min. The series of arm entries, including possible 



returns into the same arm, was recorded visually. Arm entry was considered as completed when 
the bottom paws of the mouse had fully entered the arm. An alteration was defined as entries into 
all three arms on consecutive occasions. The number of maximum alterations was therefore the 
total number of arm entries minus two, and the percentage of alteration was calculated as (actual 
alterations / maximum alterations) × 100.  
 
Morris water maze task 
 
The testing procedure was basically the same as that described by Yamada et al. (36). The 
experimental apparatus consisted of a circular water tank (140 cm wide and 45 cm high). An 
invisible platform (15 cm wide and 35 cm high) was placed 1.5 cm below the surface of the 
water. The water temperature was 21–23oC. The pool was located in a large test room, where 
there were many clues external to the maze (e.g., pictures, lamps, etc.). The mice could see these 
from the pool and use them for spatial orientation. The position of the cues remained unchanged 
throughout the task. Data collection was automated by a video image motion analyzer 
(Ethovision, Noldus Information Technology h.v., Wageningen, The Netherlands). For 
descriptive data collection, the pool was subdivided into four equal quadrants formed by imaging 
lines. 
 
Reference memory test 
 
The training trials were carried out on days 15–19 after the i.c.v. injection of CT105 or Aβ1-42. 
Each mouse received two trials per day for five consecutive days. At the start of each trial, mice 
were placed randomly at one of four fixed starting points facing the wall (designated north, south, 
east, and west) and allowed to swim for 90 s or until they escaped the task by finding the 
platform. The platform was located in a constant position throughout the test period in the middle 
of one quadrant, equidistant from the center and edge of the pool. In each training session, the 
latency to escape onto the hidden platform was recorded. If the mouse found the platform, it was 
allowed to remain there for 15 s and was then returned to its home cage. If the mouse failed to 
find the platform within 90 s, the training was terminated and a maximum score of 90 s was 
assigned.  
 
Probe test 
 
Immediately after the 10th training trial on day 19 (i.e., after the i.c.v. injection of CT105 or Aβ1-

42), the mice received a spatial probe trial, wherein the platform was removed from the tank and 
the mice were allowed to swim for 90 s. The time spent and path length in the target quadrant 
where the platform had been located during the training were measured. 
 
Working memory (repeated acquisition) test 
 
A working memory test, which was conducted for three consecutive days from days 20 to 22 
after the i.c.v. injection of CT105 or Aβ1-42, consisted of five times per day (one session). The 
working memory test was similar, procedurally, to the standard training of the water maze test 
except that the platform location was changed in each session. Because the platform position was 
changed daily, this task could be used to evaluate the working memory component (37). The first 
trial of each session was an informative sample trial in which the mouse was allowed to swim to 
the platform in its new location and to remain there for 15 s. The platform remained in the same 
location throughout the remaining four trials of the day. Spatial working memory was assessed as 
the mean performance in the second trial of three consecutive days. 



 
Determination of acetylcholine content 
 
The regional contents of acetylcholine (ACh) were measured by chemiluminescence, as reported 
by Israel and Lesbats (38). The reaction is based on the hydrolysis of ACh by acetylcholinestrase 
(AChE) and on the conversion of choline to betaine and H2O2 by choline oxidase (Sigma 
Chemical Co., St. Louis, MO). The H2O2 generated gives a light emission in the presence of 
luminol (5-amino-1,2,3,4-tetrahydro-1,4-phthalazinedione; Merck, Darmstadt, Germany) and 
peroxidase (Sigma). The luminol solution was prepared by dissolving 18 mg of powder in a few 
drops of 1 M Tris buffer NaOH, and the volume was 100 ml after adding 0.2 M Tris buffer, pH 
8.6. AChE from an electrophorus electric organ (1000 units/ml) was from Sigma. A mixture for 
10 determinations (0.5 ml per assay) was stirred for 30 min before use. It consisted of 10 ml of 
0.2 M sodium phosphate buffer, pH 8.6; choline oxidase: 25 µl of a stock solution of 100 
units/ml in H2O; peroxidase type II: 10 µl of a stock solution at 2 mg/ml in H2O; and luminol: 50 
µl of a 1 mM solution. The extraction and oxidation of brain sample was performed as follows: 
5–100 mg of tissue was extracted in 0.5 ml of 5% TCA. After 60 min, the denatured proteins 
were centrifuged, the extract (0.5 ml) was shaken with ether (5–10 ml), and the ether phase was 
discarded. After 5–6 ether washings, the pH of the water phase was 4, which indicated that the 
ether had removed most of the TCA. The ether was then evaporated from the aqueous phase. The 
sample (200 µl) was treated with 20 µl of 0.5% sodium metaperiodate. An oxidized sample (200 
µl) was then added to 285 µl of the mixture. This triggered a strong light, partly because of the 
choline but also because the oxidant promoted the luminol chemiluminescence. 
 
Mitochondrial pyruvate dehydrogenase activity assay 
 
The mitochondrial pellets were prepared as described previously (39). In brief, the tissue samples 
were homogenized in buffer A (200 mM mannitol/50 mM sucrose/10 mM KCl/1 mM EDTA/10 
mM Hepes-KOH, pH 7.4/0.1% BSA/mixture of protease inhibitor) and centrifuged at 600 g for 5 
min. The supernatant was centrifuged at 3500 g for 15 min, and then the supernatant and floating 
lipid bilayer were discarded. Pellets were resuspended in buffer A and centrifuged at 1500 g for 
5 min. Then the supernatant was centrifuged at 5500 g for 10 min. Pellets were disrupted in the 
extraction buffer (50 mM potassium phosphate, pH 7.0/1 mM EGTA/1 mM EDTA/5 mM 2-
mercaptoethanol/1 mM phenylmethylsulfonyl fluoride/0.1% Tween 20) for 20 s using a 
sonicator. PDH activities in these homogenates were assayed by monitoring NADH production 
at 340 nm in the reaction buffer (50 mM potassium phosphate, pH 8.0/2.5 mM NAD/0.2 mM 
thiamine pyrophosphate/0.13 mM CoA/2.6 mM L-Cysteine/5 mM pyruvate/enzyme source), 
except that pyruvate-dependent NADH production was obtained by subtracting the value of each 
sample in the same reaction buffer without pyruvate. Lactate dehydrogenase (LDH) was almost 
completely removed from the above homogenates. Perturbation of PDH activity by residual 
LDH was similar in each sample. 
 
Statistical analysis 
 
Data are expressed as mean ± SE values.  A student’s t-test and a two-way ANOVA test were 
applied to study the relationship between the different variables. P < 0.05 was considered to be 
significant. 
 
RESULTS 
 
Effects of CT105 and Aβ1-42 on spontaneous alteration behavior in a Y-maze 



 
The i.c.v. injection of CT105 induced a dose-dependent decrease in spontaneous alteration 
behavior, whereas Aβ1-42 slightly impaired the behavior (Table 1). In particular, there were 
significant changes in the CT105 342 pmol-treated group compared with the saline-treated 
control group (*P<0.01) and in the 685 pmol-treated group compared with the Aβ1-42-treated 
group (�P<0.02). The number of arm entries did not differ among the six groups, which 
indicates that changes in alteration behavior were not due to generalized exploratory, locomotor, 
or motivational effect. Each group had 20 animals. 
  
Effects of CT105 and Aβ1-42 on performance of a Morris water maze task 
 
Changes in the latency to escape onto the hidden platform produced by training trials in each 
group of mice are shown in Figure 1A. The latency of the CT105- or Aβ1−42-treated group in the 
first session of training was the same as that of the saline-treated control group. Although the 
latencies of the saline-treated control and the scrambled CT105-treated group were shortened 
rapidly by repeated training trials, those of the CT105-treated groups were only slightly 
shortened (*P<0.05 vs. the saline-treated control group;�P<0.05 vs. the Aβ1−42-treated group). In 
the sixth, seventh, and ninth training sessions, the latencies of the Aβ1−42-treated group were also 
significantly longer than those of the saline-treated control group (*P<0.05 vs. the saline-treated 
control group). Changes in path length showed a similar pattern with the escape latency (data not 
shown). Swim speed was not affected by the CT105 or Aβ1-42 throughout the testing.  
 
Performance in the spatial probe trial is shown in Figure 1B. There were significant time 
differences among the groups in the target quadrant where the platform was located during the 
training trials. Although there was a significant difference between the saline-treated control and 
the Aβ1−42-treated groups, the CT105-treated mice searched the target quadrant for a significantly 
shorter time than the Aβ1−42-treated group (*P<0.05 vs. the saline-treated control group; 
�P<0.05 vs. the Aβ1-42-treated group).  
 
Performance in the working memory (repeated acquisition) test is shown in Figure 2A. There 
were no significant differences at all in the escape latencies during the sample trials (first trial) of 
three consecutive days among the six groups. Spatial working memory was assessed as the mean 
performance in the second trial for three days. As shown in Figure 2B, the performance of the 
CT105-treated groups was significantly impaired compared with those of the saline-treated 
control and the Aβ1-42-treated groups (*P<0.05 vs. the saline-treated control group;�P<0.05 vs. 
the Aβ1-42-treated group). A moderate change in the Aβ1-42-treated group was observed but was 
not statically significant. Each group had 20 animals.  
 
Changes in ACh contents in CT105- or Aβ1-42-treated mice  
 
Biochemical analysis of brain regions revealed significant decreases in the ACh contents of the 
cerebral cortex (Fig. 3A) and hippocampus (Fig. 3B) in the CT105-treated groups compared with 
the saline-treated control and the Aβ1-42-treated groups (�P<0.05 vs. the Aβ1-42-treated group). 
Moderate decreases in the ACh contents in the Aβ1-42-treated group were also observed 
compared with the saline-treated control group, but they were not statistically significant. Each 
group had 10 animals. There were no significant changes in the contents of ACh in the thalamus 
and striatum of the six groups (data not shown).  
 
PDH activities in the cerebral cortex and hippocampus of CT105- or Aβ1-42-treated mice 
 



PDH activities were significantly reduced in the cerebral cortex (Fig. 4A) and hippocampus (Fig. 
4B) of the CT105-treated groups compared with the saline-treated control and the Aβ1-42-treated 
groups (*P<0.05 vs. the saline-treated control group;��P<0.05 vs. the Aβ1-42-treated group). 
PDH activities of the Aβ1-42-treated group were also decreased compared with those of the 
saline-treated control group, but the degree of reduction was much less severe than that of the 
CT105-treated groups. Each group had 10 animals. 
 
DISCUSSION 
 
We previously reported that retention of long-term memory in a passive avoidance task was 
significantly impaired by a single i.c.v. injection of CT105 (28). In this study, we confirmed that 
cued, spatial, and working memory also could be impaired by a single i.c.v. injection of CT105 
in a Y-maze and a water maze task. Because these three behavior tasks utilize different 
reinforcements and need different motor skill for better performance (36), it is thought that the 
impairment of performance of the CT105-injected mice in these tasks was not due to CT105-
induced changes in motivation or other sensorimotor function. Actually, the locomotor activity 
and the number of total arm entries were the same among the six groups in the Y-maze task. In 
addition, neither the latency to escape onto the submerged platform in the first training trial nor 
the swim speed during performance of the water maze task was affected by the i.c.v. injection of 
CT105 or Aβ1-42. Taken together, our data strongly suggest that impairment of performance in 
the CT105-injected mice is due only to learning and memory deficits. 
 
We studied the effect of Aβ1−42 and CT105 on spatial memory in detail, by dividing it into two 
memory categories, spatial reference and working memory (36). Reference memory refers to 
memory for information that remains constant over repeated trials and is therefore trial-
independent. This study revealed that spatial reference memory could be impaired by the i.c.v. 
injection of CT105 in the water maze training. Also, in the probe test, we observed a clearer 
deficit in the CT105-treated mice compared with the Aβ1−42-treated mice, which provides 
additional evidence that the i.c.v. injection of CT105 impairs spatial reference memory. CT105 
also impaired spatial working memory, as evidenced by an increase in the escape latency in the 
second trial. Working memory refers to memory in which the information to be remembered 
changes in repeated trials. It was confirmed by a repeated acquisition test of the water maze task.  
 
Studies attempting to show Aβ neurotoxicity in the brains of live animals have produced 
controversial results (40). Our data show some cognitive deficits of the Aβ1−42-treated group in 
the training trials and in the probe test of the water maze task. However, their degrees are much 
less significant than those of the CT105-treated groups, which indicates that the neurotoxicity of 
CT105 is much more potent than that of Aβ1−42 in inducing memory impairment. In our other 
study, mice injected with CT105 (68.5, 342 and 685 pmol) or Aβ1−42 (685 pmol) immediately 
after training trials exhibited patterns similar to those of the results in the probe trials (data not 
shown), which indicates that not only memory formation but also retrieval could be impaired by 
CT105. Mice injected with nanomolar (15 or 30 nmol) amounts of CT105 or Aβ1−42 also 
exhibited patterns similar to those of our study, except that one CT105 30-nmol-treated mouse 
died during the study (n=10 in each group). 
 
It was reported that cognitive deficits and the inhibition of long-term potentiation (LTP) were 
observed in transgenic mice expressing the CT100 peptide (41). Also, CT105 greatly shortened 
the duration of high-frequency, stimulation-induced LTP in the rat hippocampus in vivo (42). 
Taken together with the data shown here, these results strongly imply that CTs might play some 
important roles in cognitive impairment, which is the predominant characteristic of AD.  



 
One of the most consistent abnormalities in the AD brain is a severe synaptic loss correlated with 
cognitive deficits involving the dysfunction and degeneration of the basal forebrain cholinergic 
neurons projecting to the cortex and hippocampus (43). Also, the levels of ACh are decreased 
significantly in cortical and hippocampal regions of the AD brain (2). Thus, we compared the 
contents of ACh among the six groups. 
 
In this study, we confirmed that ACh levels of the cerebral cortex and the hippocampus that are 
closely related to cognitive functions were significantly decreased in the CT105-treated groups 
compared with the saline-treated control and even the Aβ1−42-treated groups. There were no 
significant changes of ACh levels in the thalamus and striatum of the six groups. The decreases 
in ACh levels may be derived from either an impairment of ACh synthesis mechanisms (such as 
mitochondrial PDH complex, choline acetyl transferase [ChAT], and choline uptake system) or 
increased AChE activity (44). Although the neurochemical indicators in the AD brain reveal 
marked decreases in cortical ChAT and a reduction in ACh synthesis (45), evidence showing that 
ChAT activity is not associated with Aβ peptides (46) remains controversial. Furthermore, both 
septal and hippocampal ChAT activities were not changed in the Aβ-treated animals (10). We 
also failed to observe the changes of ChAT and AChE activities by CT105 or Aβ1−42 in our 
experimental system (data not shown). 
 
Previous reports revealed that abnormally low levels of PDH activity have been correlated with 
chronic neurodegenerative disorders, including AD and Huntington’s disease (47), which 
suggests it is valuable to study PDH activity in AD. There is a cholinergic deficit in this disorder, 
and a close correlation exists between pyruvate oxidation and ACh metabolism in health and 
disease (48). It was reported that PDH activity might correlate even more closely with ACh 
turnover than does ChAT activity (49). AD involves primarily neuronal disorders, and recent 
data indicate that PDH has a major role in neuronal plasticity (50). Finally, Perry et al. (49) 
described a decrease in PDH activity in the brains of AD patients. The decrease in PDH activity 
would induce the disturbed glucose metabolism (51) and impaired ACh synthesis (52). Our 
results on PDH activity and ACh level in the brains of CT105-treated mice provide a link 
between CT105 and PDH inactivation. A decrease in PDH activity by CT105 would result in 
mitochondrial dysfunction, contributing to neuronal death through failure of the energy 
metabolism and leading to a reduced ACh level in cholinergic neurons because of decreased 
acetyl-CoA production. 
 
Taken together, our results suggest that the decrease in PDH activity induced by CT105 reduces 
the production of acetyl-CoA, which is a metabolic product, and leads to the reduction of ATP 
supply and eventually to their deaths. Because the acetyl-CoA is required for the synthesis of 
ACh, the decrease of PDH activity also leads to the decrease of ACh synthesis. Thus, it is 
plausible that the CT105-induced reduction of ACh levels in the brain may result in the loss of 
cognitive function observed in AD. 
 
Because CT105 contains the complete Aβ sequence, it is possible that the CT105 toxicity would 
result from Aβ. But we recently confirmed the direct toxicity of CT105 in various studies (19–
22, 27, 28). D. C. Lu et al. reported that APP is proteolytically cleaved by caspases –6, –8 and –9 
to generate a CT that is unrelated to Aβ (32). This peptide, designated C31, induces cell death in 
neuronal cell lines and mainly contributes to CT neurotoxicity. They also revealed that both C31 
and activated caspase –9 were present in the brains of AD patients but not in normal brains (32). 
These findings indicate that other regions of APP, not Aβ, have a potential to elicit 
neurodegeneration and that CTs are present in vivo. Our previous report also showed that CT46 



and CT105 without the Aβ region have toxicity (53). It was also demonstrated that CTs, but not 
full-length APP or Aβ, were localized in the nuclei of substantia nigra pars reticulata neurons 
after ibotenic acid injection into the corpus striatum, suggesting that intranuclear CTs may play a 
role in genomic events contributing to delayed neuron degeneration (5). 
 
Although it is not yet clear what concentration of CTs is present extracellularly in vivo in AD 
brains, CTs have been found in paired helical filaments (54), in NPs (55), in microvessels (56), 
and in choroid plexus from AD brains. CTs were also released into the media (25, 26) and may 
affect surrounding neurons. Thus, it can be speculated that even a small amount of CT105 that 
may be persistently produced in the brains of AD patients for a long interval may potentially play 
a role in the pathogenesis of AD. 
 
In conclusion, learning and memory were impaired by CTs at lower concentration than Aβ. Also, 
it is thought that the damages on ACh synthesis under the influence of reduced PDH activity 
might exert an important effect on cognitive deficits. Thus, it is necessary to prevent the 
development of CTs for AD therapy.  
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