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Abstract: Whether AP actually has a physiological as well as a pathological role is not known. In order to investigate
the effect of endogenous AB, wild type C57BL/6 mice were immunized with human or mouse derived AB1-42. The
anti-AB antibody concentrations were increased in both treated groups. Compared to the human AB1-42 treated
group, level of serum A significantly decreased in mouse AB1-42 treated group. Western blot results revealed that
these two derived AB1-42 had no cross-reaction. The new dentate granule survival cells increased in AB1-42 immu-
nization groups, indicated by more BrdU+/NeuN+ and BrdU+/DCX+ cells as compared to PBS-treated group, accom-
panied by behavioral performance improving in a hippocampus-dependent learning task. Immunohistochemical
analysis showed that BrdU+/lbal+ cells also increased, however new born astrocytes (BrdU+/GFAP+) were unaf-
fected in all treated mice. Interestingly, according the results of ELISA analysis both vaccines up-regulated IL-4 and
IFN-y levels in the brains and sera, but the TNF-« level did not changed. Of note, human AB1-42 immunization in
neonatal mice enhanced neurogenesis and cognitive ability, might via AR immune response rather than cleaning

endogenous Ap.
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Introduction

Amyloid-B peptides (AB) is generated through
sequential cleavage of the transmembrane
region of APP by B- and y-secretases and the
length range from 38 to 43 amino acids [1].
Currently, the physiological function of endoge-
nous A is still unclear and may even has neu-
roprotective roles [2]. It was suggested that AB
as the product reacting to the damage of brain.
Some investigators proposed that AB acting as
an anti-infectious agent played a key role in
central nervous system [3, 4]. Whether AB
could be against further infections or maintains
neurogenesis is unknown. Overall, the role of
AB goes beyond being the pathological caus-
ative agent of Alzheimer’s disease. It is gener-
ally believed that various forms of AB peptides,
either alone or in combination with other im-
mune factors, serve as activators of the innate
immune response in the brain and the periph-
ery system [5].

The amino acids sequence of APP is particular
conservative. Only 17 amino acids of APP are

different between rodents and human. The
N-terminal domain product of APP only has
three different amino acids. Furthermore, this
particular area is considered to be AB race dif-
ferent character [6]. Different B cell epitopes
could induce different immune reactions. Hu-
man or rodent AB could induce different anti-AB
antibodies. In this study, neonatal mice were
immunized with human or mouse derived AB1-
42 to explore the potential differences of immu-
nological reaction. Lots of evidence confirmed
that amyloid-3 peptides could destroy neurons
and impair cognitive functions, spatial learning
abilities then lead to memory loss. The tradi-
tional viewpoint was that fibrillar forms of AB in
the amyloid plaques, not monomeric or dimmer
tended towards neurotoxicity and neurodegen-
eration. There was a stronger correlation be-
tween cortical levels of soluble AB species and
synaptic loss which indicated that soluble AB
oligomers could impair synaptic plasticity by
inhibiting hippocampal long-term potentiation
(LTP) [7, 8]. Plague burden in brains of AD
patients was not the important indicator to cog-
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nitive ability improvement. Vaccination with
AB1-42 in PDAPP mouse resulted in striking
mitigation of AD-like pathology [9, 10]. Following
reports showed immunotherapy could reduce
cerebral AB levels and improve cognitive abili-
ties in APP-tg mouse [11, 12]. Early protective
immunization before the occurrence of sub-
stantial neuropathology, neuronal loss and cog-
nitive deficits might be more beneficial and
safer for potential AD patients. Interestingly,
our results revealed that the neonatal mice
after AB immunization improved neurogenesis
and cognitive ability comparing to the control
group, but the endogenous AB clearance was
not obvious.

The neonatal time is the key period of cognitive
function formation and development of neuro-
genesis. Neonatal rats with or without hydro-
cephalus had low levels of AR and transporters
comparing to adult rats with hydrocephalus
[13]. In this study, the effects of human and
mouse derived A immunization on neurogen-
esis and cognitive ability were explored in neo-
natal C57BL/6 mice. Both derived AB immuni-
zation could improve neurogenesis and cogni-
tive ability in neonatal mice, without clearing
endogenous AB.

An Ml alternative activation of macrophages by
IL-4 has been reported to impair pathogens
phagocytosis, potentiate microbial-induced sig-
naling and promote pro-inflammatory cytokine
secretion [14]. Some researchers supported
the idea that increase of TNF in the brain was
the result of viral infections [15]. Age-associated
alterations of sex hormone levels have also
been suggested to induce an increase of pro-
inflammatory cytokines such as TNF-at in some
AD patients’ brain regions [16]. TNF-a produc-
tion is initiated and remained for an extended
period of time in brain [17]. Quantification of
microglia, serum and brain IL-4, IFN-y but not
TNF-a showed significant increasing after AB
immunization.

Materials and methods
Animals and immunization protocol

All the neonatal wild-type C57BL/6 mice were
obtained from the Animal Centre of Sun Yat-
Sen University. The mice were housed accord-
ing to the National Institutes of Health Care and
Treatment of Laboratory Animals. The study
protocol was approved by the Ethics Committee
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of Sun Yat-Sen University. Thirty-six mice were
randomly assigned to three groups (n = 12 for
each group, six males/six females) and vacci-
nation was begun at 1 week of age. Two treat-
ment groups were treated with human AB1-42
peptide vaccine or mouse AB1-42 peptide vac-
cine which were both purchased from Sigma-
Aldrich (St. Louis, MO, USA). Each mouse was
vaccinated with 50 ug protein that was already
emulsified with Freund’s complete adjuvant
(1:1 v/v) in the first injection. The mice were
vaccinated by subcutaneous injection with the
same antigen (50 ug per injection) that was
emulsified with Freund’s incomplete adjuvant
(1:1 v/v) at 2-week intervals after the first
immunization. The control mice immunized
with PBS were also treated according to the
above procedure. Immunization was performed
three times.

Bromodeoxyuridine labeling

One week after the final vaccination, all mice
were injected twice daily for five days with BrdU
(Sigma-Aldrich; 50 mg/kg, i.p., dissolved in
potassium-phosphate-buffered saline, KPBS)
for labeling of mitotic cells [18]. Mice were sac-
rificed under deep anesthesia five weeks after
the BrdU injections. To ensure proper fixation
and immunostaining of brain tissues, mice
were exsanguinated by transcardial perfusion
with normal saline. Then brains were removed
and bisected in midsagittal plane. The right
hemisphere was snap frozen for biochemical
analysis [19], whereas the left hemisphere was
fixed in 4% paraformaldehyde for immunohisto-
chemical analysis.

Antibody titer measurements

One week after each vaccination, all blood
samples were regularly drawn and utilized for
hematological and biochemical examinations.
Sera were stored at -80°C. Antibody titers were
measured using a method to dissociate AB
from the anti-AB antibodies in the serum. This
method was previously described [20]. Briefly,
serum was diluted 1:100 using a dissociation
buffer at pH 3.5 and incubated at room tem-
perature for 20 min. The sera were then centri-
fuged at 8000x% g for 20 min at room tempera-
ture using a Microcon centrifugal device. The
sample reservoir was then placed inverted into
a second tube and centrifuged at 1000x g for 3
min. The collected solution containing the anti-
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body dissociated from the AR peptide was
adjusted to pH 7.0. These samples were then
analyzed by enzyme-linked immunosorbent
assay to determine the antibody titer. Ninety-
six-well plates were coated with AB1-42 peptide
overnight, blocked and then incubated forlh at
37°C with two fold serial dilutions of se-
rum samples. Anti-mouse peroxidase (Sigma-
Aldrich) was added and the ELISA was devel-
oped using 3, 3, 5, 5-tetramethylbenzidine
(Sigma-Aldrich). The experiment protocols fol-
lowed the manufacturer’'s directions. Plates
were read spectrophotometrically at 450 nm
within 30 minutes, with P/N > 2:1 as the posi-
tive reaction.

AB ELISA

The soluble serum AB1-42 levels were deter-
mined. ELISAs specific for human or mouse
AB1-42 were performed as previously described
[21].

Morris water maze

Morris Water Maze was use for assessing spa-
tial of learning and memory [22]. Mice partici-
pated in Morris water maze test in the 5th
week. The apparatus of water maze and the
rules of the operations were in accordance with
Zou et al. [23]. The water maze consisted of a
pool that was 100 cm in diameter and 60 cm in
height and filled with water with the tempera-
ture at (22+1)°C. It was painted white and
made opaque with nontoxic white tempera
paint powder and was placed in a room sur-
rounded by distinct extramaze cues. The pool
was divided into four quadrants. A movable
black circular platform (10 cm in diameter) was
located in the center of quadrant and sub-
merged 2 cm below the water surface. The
water in the tank was stirred in between animal
trials to disrupt odor trails. The room was fur-
nished with several extramaze cues immobile
throughout the entire experiment process. Task
inthe MWM comprised of two times-spatial ref-
erence memory tests and two times-reversal
learning tests. The animal’'s movement was
recorded and analyzed using a compute-
rized video-tracking system (Ethovision@8.0,
Noldus Information Technology, Wageningen,
Netherlands). In the spatial reference memory
test, from the fourth to sixth day, mice were
trained to find the hidden platform with the
extra maze cues to examine acquisition of spa-
tial reference memory. The platform was locat-
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ed in the southwest quadrant from the fourth to
sixth day. Mice were trained twice a day for
three consecutive days and each training con-
sisted of four trials. In each trial, mice were
placed into the pool, facing the wall at each of
the four quadrant edges, pseudo randomly cho-
sen across trials. If the mice found the platform
within 60 s, it was allowed to stay in the plat-
form for 10 s. If not, the experimenter guided
the mouse to the platform and allowed it to rest
for 10 s. The mice were then returned to a hold-
ing cage for 60 s before the next trial. Two
parameters were recorded: escape latency,
swimming time to locate the hidden platform;
path length, the distance of the swim path from
the start location to the hidden platform. In the
reversal learning test, mice were assessed
reversal learning ability. The platform was
moved to the quadrant opposite that in which it
had been placed during the prior reference
memory task. Mice were tested once and each
test consisted of four trials. The method used
and parameters recorded were the same as
reference memory task.

Immunofluorescence

The left hemispheres were post-fixed overnight,
and then were put in 20% sucrose in 0.1 M
phosphate buffer for 24 h. Systemically ran-
dom coronal sections (40 uym thick) were cut on
a sliding microtome, with an interval of 320 ym
between consecutive sections, and stored in
cryoprotective solution. Sections were washed
with PBS and incubated with 2 N HCI for 30 min
at 37°C. Sections were blocked for 1 h with a
permeabilization/blocking solution containing
10% fetal calf serum, 2% bovine serum albu-
min, 1% glycine, and 0.05% Triton X-100 (Sigma-
Aldrich). Specimens were then stained with the
primary antibodies rat anti-BrdU (1:400; Oxford
Biotechnology), or with specified combinations
of the following primary antibodies: rat anti-
BrdU (1:200; Oxford Biotechnology)/goat anti-
DCX (1:100; Santa Cruz Biotechnology), rat
anti-BrdU  (1:400; Oxford Biotechnology)/
mouse anti-NeuN (1:400; sigma). We used sec-
ondary antibodies Cy-3-conjugated donkey
anti-rat, Alexa488-conjugated donkey anti-
goat, Alexa488-conjugated goat anti-mouse,
(1:200; Jackson ImmunoResearch).

Microscopic analyses and stereology

All measurements were performed by an ob-
server blind to animal identifications. For qu-
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Figure 1. Immune response against mouse and human AB in neonatal mice and the quantity of AB42 in serum after
AB1-42 immunization. A. Quantification of anti-AB antibodies in mouse serum by anti-AB ELISA. Data are presented
as mean = SD (n = 12) of AB antibodies (ug/ml). One-way ANOVA followed by post hoc comparison revealed signifi-
cant differences in anti-Ap titers of human AB1-42-immunized group when comparing week 4 and week 6 (*P <
0.05). The same trend was observed in mouse AB1-42-immunized group (*P < 0.01). There was no significant dif-
ference between the two treated groups. B. For Ap analysis, blood samples were individually collected from human
or mouse AB1-42 or PBS immunized mice at the end of 6th week and were measured separately by AR ELISA. Data
were presented as mean + SD (pg/ml). The level of mouse AB1-42-treated group was decreased compared to the

control group (*P < 0.01).

antification of proliferation and neurogenesis in
the dentate gyrus, we used the protocol previ-
ously described [24]. Proliferation was asse-
ssed by bilateral counting of BrdU+ cells in the
SGZ of the dentate gyrus (defined as a zone of
the hilus, the width of two cell bodies, along the
base of the granular layer). Neurogenesis in the
dentate gyrus was evaluated by counting the
cells that were double labeled with BrdU and
DCX or with BrdU and NeuN. With the same
method, we counted the number of labeled
cells in six coronal sections (370 uym apart) per
mouse brain that were stained and mounted on
coded slides. Absolute numbers and ratios of
double-labeled cells versus BrdU-positive cells
are given. All images were taken in sequential
scanning mode using a confocal laser scanning
microscope (ZEISS) under a 40x objective and
further processed in Adobe Photoshop 7.0.
Only general contrast adaptations were made
and figures were not otherwise manipulated.
Exemplary and representative images are pre-
sented.

Measurements of mouse cytokines

All samples were normalized to 400 pg/ml
before analysis. Levels of the pro-inflammatory
cytokines interleukin-4 (IL-4) and tumor necro-
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sis factor-a (TNF-a) as well as level of interferon
y (IFN-y) in hippocampal supernatants and
serum were measured using ELISA kits per
manufacturer’s instructions (Invitrogen, Basel,
Switzerland). Cytokines concentrations were
normalized to total hippocampal protein con-
centration.

Statistical analysis

All experiments were repeated for three times
and the data were described as mean + SD for
each group. The difference between groups
was analyzed with one-way ANOVA and LSD-t
was used for comparison of two groups with
SPSS18.0. P < 0.05 was considered statisti-
cally significant.

Results

AB antibody production in WT mice immunized
with human or mouse AB1-42 combined with
Freund’s adjuvant

To determine the presence of circulating AB
antibodies, antibody ELISA analysis was use to
evaluate the success of AB1-42 vaccination.
After the second vaccination, anti-Ap1-42 of
mouse AB1-42 treated group was (7.46+2.69)

Int J Clin Exp Med 2015;8(4):5340-5350
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Figure 2. Cognitive performance of mice submitted to mouse or human AB1-42 injection, evaluated by the Morris
water maze test. A. Performance in the reference memory protocol, based on escape latency. Each point represents
the mean £ SD. There was no significantly difference in the first two days (P > 0.05). Significant differences were
detected by comparing AB1-42 injection groups and control group from day 3 (n = 12, repeated measures analysis
of variance, *P < 0.05); B. Number of crossings over the platform position. Values are mean + SD. Significantly dif-
ferent from treated groups (n = 12, two-way ANOVA, followed by Tukey’s test, *P < 0.05). C. The path length of each
group in each quadrant in the probe trial (n = 12, Student’s t test, *P < 0.05). D. Time spent of each group in each
quadrant in the probe trial. Values are mean + SD (n = 12, Student’s t test, *P < 0.05).

pg/ml and human AB1-42 treated group was
(6.94+2.94) ug/ml. Two weeks later, antibodies
of human AB1-42 group was (28.55+4.78) ug/
ml and mouse AB1-42 group was (30.48+4.19)
pg/ml. At 6th week, the anti-Ap1-42 anti-
body quantity of mouse AB1-42 group was
(43.61+4.67) pg/ml, while human Ap1-42
group was (39.12+4.69) ug/ml (Figure 1A).
They were all higher than the control group (*P
< 0.01). Meanwhile, to ensure whether AB vac-
cine clean up mouse endogenous AB as anti-
AB1-42 antibodies were detected in the AB
groups. The AB quantity in serum of mouse AB
group (9.22+1.76) pg/ml was much less than
the control group (14.92+3.88) pg/ml and
human AB group (14.21+2.37) pg/ml, however
there is no significant difference between
human AB group and the control group (Figure
1B).
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Behavioral effects

To evaluate the effect of AB1-42 immunization
to C57BL/6 mice, we used the MWM to analyze
the spatial reference learning and memory. The
data acquired were analyzed with general lin-
ear model (GLM) and ANOVA. In learning trials,
the escape latencies of mice in Groups de-
creased by day with significant difference,
which also had statistical significance among
the groups with different treatment. From
Figure 2A, the best performance happened in
AB1-42 treated groups compared with the con-
trol group. Figure 2B represented the path
length, duration in zone and the time spent
passing the platform in probe trial, respective-
ly. Mice that had learned the location of the
platform were expected to spend more time
with longer path length in the target quadrant

Int J Clin Exp Med 2015;8(4):5340-5350
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Figure 3. The quantity of cytokines in mice immunized with human AB1-42, mouse AB1-42 and control mice. A. The
levels of IL-4, IFN-y and TNF-a in serum of three groups. There was a significant difference in cytokine levels of IL-4
and IFN-y between AB1-42 challenge groups and control group (*P < 0.05). There was no significant difference in
cytokine levels TNF-a of the three groups. B. The levels of IL-4, IFN-y and TNF-a« in mouse brains of three groups.
ILl-4 and IFN-y increased in brains of AB1-42 treated groups (*P < 0.05), while there was no change in TNF-« level

comparing to the control group. Values are mean * SD.

than in any other quadrants and more time
passing the platform (Figure 2C, 2D). The trial
data implied that spatial reference memory of
human AB1-42 group (*P < 0.05) and mouse
AB1-42 group (*P < 0.05) was better improved
compared with the control.

AB vaccine up-regulated IL-4, IFN-y

To explore whether the underlying AB1-42 spe-
cific T cells mediated the improvement of neu-
rogenesis in the dentate gyrus and cognitive
function, the quantity of some pro-inflammato-
ry cytokines in brain and serum, such as IL-4,
IFN-y and TNF-a were measured. The quantity
of IL-4 was significantly increased both in serum
(Figure 3A) and brain (Figure 3B), while the two
AB1-42 groups comparing to the control group
(*P < 0.05). After AB1-42 vaccination, IL-4
detected in the serum of the human AB1-42
group was (24.70+6.19) pg/ml and (116.49+
23.42) pg/g in the brain; meanwhile, IL-4 of
mouse AB1-42 group was (24.15+5.68)
pg/ml in serum and (199.39+14.88) pg/g in
brain. Meanwhile, human AB1-42 group was
(44.55+6.39) pg/ml in serum and (200.64+
19.30) pg/ml in brain, they were much higher
than the control group (*P < 0.05). The amount
of IFN-y in mouse AB42 group was (41.61+5.30)
pg/ml in serum and (199.39+14.88) pg/g in
brain, significantly higher than the control (*P <
0.05). The difference between the mouse ABR1-
42 group and human AB1-42 group had no sta-
tistical difference. The level of serum and brain
TNF-a was quantified as well. However, there is
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no statistical significant difference among
these three groups (P > 0.05).

Immunization with AB1-42 induce more newly
formed neurons and microglia

Since the better performance of the two AB1-
42 groups in ethological test, to analyze the
detailed morphology of the new granule cells,
we labeled them using the antibodies to double
staining of BrdU with DCX (Figure 4A) and BrdU
with NeuN (Figure 4B). Neonatal neurons
(BrdU+/DCX+) in mouse Ap1-42 group and
human AB1-42 group were significantly in-
creased than the control group, so as to the
newly formed maturate neurons (BrdU+/
NeuN+) (*P < 0.05, Figure 4E). Double staining
of BrdU with Ibal (Figure 4C) and BrdU with
GFAP (Figure 4D) represented the newborn
microglia and astrocyte. Stereology analysis
showed that BrdU+/ Ibal+ cells also increased
in AB1-42 treated groups (*P < 0.05, Figure
4F), nevertheless, there was nearly no differ-
ence of astrocyte ( BrdU+/GFAP+) between the
three groups (P > 0.05, Figure 4F).

Discussion

Although much attention has been focused on
AB itself in this respect, it may not actually be
as an attractive target as current doubts con-
cerning its causative role is substantiated [25,
26]. AB isthe main component of senile plaques
and generating excessive or clearance de-
crease would result in the formation of neurofi-
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Figure 4. The improvement of neurogenesis in mouse and human AB1-42 vaccinated groups. A. Representative
confocal micrographs of the dentate gyrus of the control, human AB1-42 and mouse AB1-42 treated group mice that
were double stained for BrdU (red) and DCX (green). B. Representative confocal micrographs of the dentate gyrus of
the three groups that were double stained for BrdU (red) and NeuN (green). C. Representative confocal micrographs
of the three groups that were double stained for BrdU (red) and Ibal (green) for the changes of microglia in dentate
gyrus after AB1-42 immunization. D. Representative confocal micrographs of the dentate gyrus of the three groups
that were double stained for BrdU (red) and GFAP (green) for the changes of astrocyte in dentate gyrus after AB1-42
immunization. E. Quantification analysis of BrdU+/DCX+ cells and BrdU+/NeuN+ cells in treated groups comparing
to the control group, respectively (n = 12, *P < 0.05). F. Quantification analysis of BrdU+/Ibal+ cells and BrdU+/
GFAP + cells in treated groups comparing to the control group, respectively (n = 12, *P < 0.05). Data were presented
as mean * SD. Scale bar = 100 pym.

brillary tangles, which is a key factor of AD [27]. plasticity, then impairing cognitive function

AB cascade hypothesis is the most widely rec-
ognized. The traditional view was that the neu-
rotoxicity of AB was mostly amyloid fibrils, but
more and more studies found that while com-
pared to fibrillar AB, soluble AR was more neuro-
toxicity. The level of AB oligomers inducing
microglia-mediated neurotoxicity was 5-50
nmol/L, and fibrillar AR neurotoxicity concentra-
tion is above 15 mmol/L [28]. The mechanisms
of AB neurotoxicity were mainly neuron insult,
synaptic dysfunction and reduction of synaptic
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[29]. AB1-42 vaccination in AD transgenic mice
could not only induce anti-AB1-42 antibodies to
prevent and reduce the formation of amyloid
plaques, but also significantly reduce the cogni-
tive impairment or improve cognitive ability
[30].

Three amino acid sequences of AB are different
between rodents and human. All three different
sites locate in the N-terminal, and this particu-
lar region is B cell epitopes. The different B cell

Int J Clin Exp Med 2015;8(4):5340-5350
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epitopes of rodent and human AB would induce
different anti-ApB antibodies. In our research,
both mouse and human AB1-42 immunized in
newborn mice, induced amounts of anti-Ap
antibodies, improved neurogenesis and devel-
opment of cognitive function, while compared
with the control group. There is no significant
difference between the two AB1-42 groups.
After immunization, the quantity of serum AB
was reduced in mouse AB1-42-treated group,
however, there is no significant difference
between human AB1-42 group and the control
group.

It was showed that AP triggers an inflammatory
response by activating microglial cells and
astrocytes [31]. Numerous studies demonstrat-
ed increasing pro-inflammatory cytokines such
as interleukin-1 (IL-1) and tumor necrosis factor
o (TNF-a) in patient CSF and serum and, more-
over, suggested that their levels correlated with
the transformation of MCI to AD despite a lack
of changes in AB [32, 33]. Further mechanistic
studies revealed that the improvement of neu-
rogenesis and development of cognitive func-
tion after AB immunization could not attribute
to anti-AB antibody mediated clearance of
endogenous mouse AB. Since endogenous AR
clearance was not in favor of improvement neu-
rogenesis and cognitive ability, there must have
another way. In our research, more neonatal
microglia was found in SGZ of mice after AB1-
42 vaccination which indicated immune
response taking part in the improvement. Some
central nervous system (CNS) self-proteins,
such as myelin basic protein (MBP), can be rec-
ognized by CNS-specific T cells, through inter-
acting with CNS dendritic cells [34]. The con-
trolled autoimmune T cells activity in CNS not
only plays a crucial role in neuroprotection for
injured brain, but also have to do with neuro-
genesis [19, 35]. AB is also the CNS protein and
could activate the CNS autoimmune T cells and
inducing meningoencephalitis. The controlled
autoimmune T cells may benefit to neurogene-
sis and the development of cognitive function
in newborn mice. Most recent researches
showed TNF-&, mostly a excretion of reactive
microglia, is anti-neurogenic [36]. Phenotype of
microglia is determined by the local environ-
ment. IFN-y and IL-4,secreted by T cell, could
induce a protective phenotype in microglia,
while some other microglia, such as exposed to
LPS, would result in a cytotoxic microglial phe-
notype, with up-regulation of TNF-a [37]. In the
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present study, we evaluated that mice inocu-
lated with mouse AB1-42 and human AB1-42,
higher amount of serum and brain IFN-y, IL-4
was found comparing to the control group, but
there was no difference between the two AB1-
42 groups. TNF-a was lower than the control
group in both mice AB1-42 and human AB1-42
treated group, but the difference was not sta-
tistically significant, which indicated that neo-
natal mice inoculating with AB42 would change
the status of immune system, then affect the
CNS neurogenesis. After immunization, IFN-y
and IL-4 were up-regulated in serum and brain
with  more activated microglia in CNS.
Meantime, the levels of TNF-a in serum and
brain were not change or lower, suggested the
neonatal microglia was neuroprotective [38].
Immunized with AB1-42 in neonatal mice
involved in IL-4 and IFN-y inducing activation of
microglia, which would secret some cytokines
to promote the neurogenesis, and improve the
cognitive ability, meanwhile, TNF-a decreased
or unchanged meant that neurogenesis inhibi-
tion was not appear. Thus, AB1-42 immunother-
apy in neonatal mice would contribute to the
improvement of neurogenesis and cognitive
function through evoking CNS AB-specific T
cells, which secreted some cytokines, such as
IFN-y, IL-4, activating microglia to erect some
neuroprotective factors. However, to confirm
the AB-specific T cells contribute to neurogene-
sis and cognitive ability in neonatal mice
remains to be further explored.

MWM is one of the most frequently used tools
in behavioral neuroscience to investigate cog-
nitive ability, underlying hippocampus mecha-
nisms. The escape latency is an estimate of
spatial learning and memory capacity, while the
probe trail is use to evaluate retentive faulty.
Our study confirmed that both human and
mouse AB1-42 groups performed equally well
than the control group, suggesting that cogni-
tive ability was improved after AB1-42 vaccine
since neonatal period. AB-specific T cellular
immune response rather than anti-AB1-42 anti-
body may contribute to neurogenesis and
development of cognitive function.

Previous studies have identified that neurogen-
esis continues throughout the whole life, includ-
ing the adult, especially in immediate postnatal
period [39]. Hippocampus, in which new neu-
rons generate actively, may have a function in
cognition [40, 41]. DCX is expressed in imma-
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ture neurons and continued for 2-3 weeks as
neural precursor cells mature into neurons
[42]. At the meanwhile, NeuN is expressed in
these mature neurons and GFAP+ was used to
activity mark the astrocyte. In this research,
newly formed immature neurons were labeled
both BrdU and DCX, while double staining for
BrdU and NeuN was stand for the mature neu-
rons. Through the analysis of stereology, we
next verified more newly formed immature and
mature neurons were found in DG, which was
suggesting neurogenesis was promoted, other
than astrocyte, after mouse or human AB1-42
vaccine in neonatal mice.

Although there is no direct evidence that neuro-
genesis is required for emotional regulation
and hippocampus-dependent spatial learning
ability [43], there is still an explicit association
between neurogenesis and certain hippocam-
pal activities, especially the memory formation.
The neonatal mice immunized with human or
mouse AB1-42 had better hippocampus depen-
dent memory and spatial learning ability, like-
wise, the morphological features of the two
AB1-42 groups showed more neurogenesis.
Conclusively, whatever AB1-42 vaccination in
neonatal mice absolutely had an effect on neu-
rogenesis and cognitive ability.

Taken together, these data provide evidence of
AB1-42 vaccination could promotes recognition
memory and neurogenesis of the neonatal wild
type mice, which are possibly not associated
with clearance of endogenous AB. Moreover,
IFN-y and IL-4 were observed up-regulating in
serum and brain. These findings contribute to
the understanding the AB potential factors for
neurogenesis.
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