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Alzheimer’s disease (AD) is by far the most common neurodegenerative disease. AD is histologically characterized not only by 
extracellular senile plaques and vascular deposits consisting of β-amyloid (Aβ) but also by accompanying neuroinflammatory pro-
cesses involving the brain’s microglia. The importance of microglia is still in controversial discussion, which currently favors a 
protective function in disease progression. Recent findings by different research groups highlighted the importance of strain-spe-
cific and mitochondria-specific genomic variations in mouse models of cerebral β-amyloidosis. Here, we want to summarize our 
previously presented data and add new results that draw attention towards the consideration of strain-specific genomic alterations 
in the setting of APP transgenes. We present data from APP-transgenic mice in commonly used C57Bl/6J and FVB/N genomic 
backgrounds and show a direct influence on the kinetics of Aβ deposition and the activity of resident microglia. Plaque size, plaque 
deposition rate, and the total amount of Aβ are highest in C57Bl/6J mice as compared to the FVB/N genomic background, which 
can be explained at least partially by a reduced microglia activity toward amyloid deposits in the C57Bl/6J strain.
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Introduction

Alzheimer’s disease (AD) is the most common neurode-
generative disorder and histologically characterized by the 
accumulation of toxic amyloid-β peptides (Aβ) that form 
extracellular senile plaques and vascular deposits, and 
intracellular neurofi brillary tangles composed of hyper-
phosphorylated tau [1]. The resulting loss of neuronal and 
synaptic function leads to a gradual decline of cognitive 
abilities and the development of clinical overt dementia 
[2–4]. Today, the widely accepted hypothesis implies that 
aggregated moieties of Aβ, especially oligomeric species, 
are the initial cause for the long pathogenesis process of 
20–30 years that leads to the development of ‘senile de-
mentia’ [5, 6]. Different Aβ species are generated by the 
cleavage of the transmembrane amyloid precursor protein 
(APP). Thereby, the longer variant – Aβ42 – is more prone 
to aggregate than the shorter Aβ40 variant and its self-
aggregation results in different forms of small and larger 

Aβ aggregates [7, 8]. Here, the small, soluble oligomeric 
assemblies were detected to be far more toxic than the 
insoluble fi brillar forms of Aβ [5, 9–11]. Their clearance 
from the brain tissue is widely acknowledged as one im-
portant strategy to stop AD progression and clinical onset 
[12–19]. In fact, a fi rst physiological defense mechanism 
to prevent the formation of amyloid plaques is provided by 
the resident immune effector cells of the central nervous 
system – the microglia. Their main function is to ensure 
the brain’s protection against several pathogens and patho-
logical conditions [12, 20]. In animal models of amyloi-
dosis, microglia group around amyloid plaques [21], have 
been demonstrated to be benefi cial due to their ability to 
phagocytize toxic Aβ peptides [21–23], and secrete neu-
rotrophic factors [24]. Until today, it is not fully verifi ed 
whether microglia only have a protective or also a partly 
neurotoxic effect, as they were shown to release pro-in-
fl ammatory cytokines like IL1 and TNFα and thereby may 
also promote disease progression [25–28]. Currently, it is 
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widely believed that microglia undergo morphological al-
terations during activation and also change the expression 
of several cell surface receptors and the secretion of cyto-
kines and chemokines. Initial neuroprotective effects are 
based on the microglia’s activity which contributes to the 
restriction of the amyloid plaques’ growth. Later, micro-
glial effects may reverse as a result of chronic activation 
during AD progression and culminate in neurotoxicity (re-
viewed in ref. [29]). Although the precise role of microglia 
is still unclear, there is wide evidence that microglia acti-
vation plays a crucial role in disease pathogenesis [19, 21, 
30–33].

Transgenic mouse models are an important tool that 
allows to create distinct pathological conditions and to 
investigate new hypotheses of disease mechanisms and also 
novel therapy strategies. As important risk factors, besides 
the age, rare mutations in the APP, PS1, and PS2 genes 
lead to the early-onset, inherited form of AD (familiar AD-
FAD), which are often used to generate β-amyloidosis in 
mouse models [34]. In doing so, the genomic background 
was found to importantly infl uence the transgene expres-
sion pattern and the morphological phenotype, thus, vastly 
affecting the experimental outcomes. This issue came 
more and more into the focus of the research when dif-
ferent labs presented controversial or at least vigorously 
different results using the same mouse models in differ-
ent or even mixed genomic backgrounds, e.g. as shown 
in behavioral tests and histochemical analyses concern-
ing mossy fi ber distribution in fragile-X mental retarda-
tion protein knockout (Fmr1) mice in either C57Bl/6J or 
FVB background [35]. In neurodegeneration research, 
varying genomic backgrounds were shown to affect APP 
processing [36], to lead to diversifi ed brain [36–38] and 
plasma levels of Aβ [36] and as a consequence in total 
plaque number [36, 37, 39]. Also, the time course of Aβ 
deposition was found to be strain-specifi cally altered [36, 
37]. Moreover, clearance processes are restricted, as both 
insulin-degrading enzyme expression [39] and neprilysin 
activity [40] were found to be infl uenced by the genomic 
background. As a result, life expectancy varies consider-
ably [37, 41]. Interestingly, C57Bl/6J mice were identi-
fi ed to be genetically disadvantageous in models of cere-
bral amyloidosis as compared to other strains like 129S1/
SvImJ [36], DBA/2J [36], A/J [37], SJL [41] and Swiss 
Webster [40]. Furthermore, induced neuronal degenera-
tion was found to be highly strain dependent with different 
vulnerability for neuronal death [42]. Notably, controver-
sial fi ndings were made concerning microglia distribution 
in rats of different genomic origin. By comparing SHR72 
and WKY72 rats, no signifi cant strain-specifi c differences 
of total microglia and astrocyte number were observed. 
However, the levels of MHCII-immunoreactive micro-
glia differ rigorously in both models [43]. Additionally, 
the neurofi brillary tangle load is apparently independent 
of transgene expression levels [44], but is strongly related 
to the genomic background [43].

One widely used model of cerebral β-amyloidosis with 
varying genomic backgrounds is the APP/PS1 transgenic 

mouse (in the following referred to as APPtg) [45]. It 
carries a human APP transgene with the Swedish double 
mutation (Lys670Asn, Met671Leu) and a mutated prese-
nilin 1 (Leu166Pro), as a functional part of the γ-secretase 
complex involved in Aβ production, expressed postnatally 
by the Thy1 promoter, which ensures a widespread neu-
ronal expression. Various fi ndings were made using these 
mice in the context of AD. In 2011, we described that 
the ABC transporter ABCC1 extensively infl uences the 
intracerebral aggregation profi le of Aβ [46] using APPtg 
mice in the FVB/N background (common background of 
ABC transporter-defi cient strains). Just recently, we pub-
lished how inbred mitochondrial DNA polymorphisms 
(conplastic mitochondria) infl uence Aβ accumulation and 
microglial activity in mouse models with the genomic 
DNA C57Bl/6J background [38]. Taken together, the data 
of the control groups of both publications, strain-specifi c 
differences in Aβ concentration at distinct time points of 
100 and 200 days in the C57Bl/6J or FVB/N backgrounds 
became evident. As we used the same analytic methods in 
both projects, we thereby realized the background-specifi c 
alterations in Aβ kinetics, which we then further investi-
gated. Here, we want to integrate and review the recently 
published data [21, 38, 46] in this new context and sub-
stantiate the results with a set of new time-series data to 
show how differences in Aβ concentration, aggregation 
and microglia response are indeed background specifi c.

C57Bl/6J and FVB/N genomic background effects
on β-amyloid plaque formation

With advancing age, soluble Aβ peptides processed from 
APP accumulate in the extracellular medium and aggre-
gate into oligomers, protofi brils, and insoluble fi brils prior 
to the formation of diffuse and dense-cored plaques (re-

Fig. 1. Genomic background-specifi c variations lead to differ-
ences in plaque burden. The number of plaques is signifi cantly 
increased in APPtg mice in the C57Bl/6J background (fi lled 
bars) as compared to the FVB/N background (white bars) at the 
age of 75, 175, and 200 days. APPtg-B6 mice show a continu-
ous increase of the mean number of plaques, whereas APPtg-
FVB mice reach a plateau phase at the age of 125 days with no 
further increase afterwards. Data are presented as means ± SEM 
(n ≥ 5 per group), *p ≤ 0.05; **p ≤ 0.01
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viewed in ref. [47]). In the APPtg mice, transgene-related 
APP expression is driven by the same promoter in both 
C57Bl/6J (B6) and FVB/N (FVB) background mouse 
strains, resulting in nearly identical Aβ production. Thus, it 
seemed most likely that they do not differ in the initial Aβ 
concentration and the resulting amyloid plaque formation 
process. Starting from this premise, we time-dependently 
examined specifi c parameters in APPtg mice from both 
strains using standard methods (ELISA, immunohisto-
chemistry) and found that Aβ has distinct deposition ki-
netics in both strains that indeed lead to differences in the 
number of plaques, size distribution of plaques and total 
Aβ concentration.

To compare the plaque burden of APPtg mice with 
different genomic backgrounds, we determined the mean 
number of plaques in the cortex, as one of the fi rst affected 
regions of the brain by immunohistochemistry (Fig. 1). 
Tissue preparation and semi-automated, 230 nm high-res-
olution, whole-slide analysis was performed as previously 
described [21]. Analysis started at the age of 50 days when 
fi rst plaques appeared and ended at 200 days of age, the 
oldest time point studied. Here, we found that APPtg-B6 
mice have signifi cantly more plaques at the age of 175 
and 200 days as compared to APPtg-FVB mice. Addition-
ally, as a fi rst sign of difference, APPtg-B6 mice show 
already signifi cantly higher plaque burden at 75 days of 
age. APPtg-B6 mice displayed a continuous increase until 
the age of 150 days with a subsequent sharp increase in 
older age. In contrast, APPtg-FVB mice revealed a sharp 
increase at early time points followed by a plateau phase 
starting at 125 days of age till the latest time point mea-
sured (200 days).

These data are strongly correlated to the intracerebral 
Aβ42 concentrations measured with ELISA (as described 
in ref. [46]) (Fig. 2). Here, approximately even twice the 
amount of soluble (monomeric and oligomeric) and insolu-
ble (fi brillar) Aβ42 was found at 200 days of age in APPtg-

B6 mice, according to the exponential increase using this 
volumetric measure method. Even the signifi cant increases 
in total plaque number at 75 and 175 days of age corre-
spond to the obtained Aβ concentrations; again confi rming 
the differences between both background strains.

Furthermore, plaque size distribution was examined 
(Fig. 3). Plaques were categorized [21, 48] according 
to the covered area; plaques smaller than 400 μm2 were 
referred to as ‘small’, whereas these larger than 700 μm2 
were denoted ‘large’. ‘Medium’-sized plaques cover an 
area between both limits. Here, APPtg-B6 mice have sig-
nifi cantly less ‘small’ but higher numbers of ‘large’ plaques 
starting at an age of 75 days till 200 days as compared to 
APPtg-FVB mice. ‘Medium’ plaques only differ signifi -
cantly at the last time point measured. Additionally, at old 
age (200 days), a uniform distribution of ‘small’ and ‘large’ 
plaques is detectable in APPtg-B6 mice in contrast to the 
APPtg-FVB strain, in which the ‘small’ plaques comprise 
the largest plaque population throughout all ages. More-
over, the plaque size distribution reaches a phase at 150 
days of age in APPtg-B6 mice where the plaque catego-
ries show only little changes. The distribution kinetic in 
APPtg-FVB mice reveals a sharp decrease in ‘small’ and 
only a slight increase in ‘large’ plaques between 50 days 
and 200 days of age.

The β-amyloid-directed microglia response depends
on the genomic background

Microglia represent the fi rst barrier of the brain’s immune 
system and are located in the closed vicinity of develop-
ing and mature amyloid depositions [21, 49, 50]. Micro-
glia are also capable to phagocytoze Aβ in vitro [22, 23]. 
However, in mouse models that lack microglia [51], it was 
shown that no changes occur in Aβ load, plaque morphol-
ogy or plaque size distribution. These mostly HSV-TK-

Fig. 2. The genomic background infl uences the amount of soluble and insoluble Aβ species. Aβ42 measurements of APPtg mice 
in two different background strains indicate distinct deposition kinetics. Until day 150, C57Bl/6J- and FVB/N-background strains 
exhibit similar quantities of buffer-soluble Aβ (monomers and small oligomers) and guanidine-soluble Aβ (fi brils). In APPtg-FVB 
mice, a stationary phase is detectable in which the amount of Aβ stays nearly constant. In contrast, APPtg-B6 mice display a large 
increase in monomeric, oligomeric and fi brillar Aβ. Data are presented as means ± SEM (n ≥ 5 per group), *p ≤ 0.05; **p ≤ 0.01
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driven, microglia-defi cient models show substantial ca-
veats for the investigation of the microglia function and, 
thus, diverging interpretations have been obtained dur-
ing the recent years. Especially, microglia’s role for the 
maintenance of amyloid plaques has been controversially 
discussed [24, 52]. Here, we wanted to examine genomic 
background-related differences in microglia activation 
in the C57BL/6J and FVB/N strains. To determine the 
amount of activated microglia, their coverage of amyloid 
plaques was detected by means of immunohistochemistry 
(Fig. 4). Tissue preparation and 230 nm high-resolution 
analysis were performed as previously described [21]. We 
used the number of plaques covered at least by 50% by 
microglia for the evaluation, a value that was empirically 
defi ned as a marker of microglia activity [21].

Figure 5 highlights the age-related changes in micro-
glia coverage of plaques in APPtg-B6 and APPtg-FVB 
mice. A rapid microgliosis occurs prior and during the fi rst 
phase of plaques development, shown by the rapid increase 
from 50 to 75 days of age, especially prominent in the 
FVB background strain. In the APPtg-B6 strain the cover-
age gradually increases till 150 days of age but remains 
far below the APPtg-FVB strain levels. In the APPtg-FVB 
strain the coverage increases rapidly (~60–70% of all 

plaques are highly covered) and stays at this high level till 
the latest time point studied (200 days of age). These results 
coincide with the signifi cantly higher number of ‘small’ 
plaques in the APPtg-FVB strain (Fig. 3a). In APPtg-
FVB mice, the continuous growth is restricted due to the 
early effects of the activated microglia leading to higher 
numbers of ‘small’ plaques. Concomitant with the latest 
hypothesis, in which microglia undergo morphological 
changes and become ‘neurotoxic’, the coverage and deg-
radation of amyloid deposits decreases in later time points 
and reaches a plateau (Fig. 5) not only in APPtg-FVB 
but also in APPtg-B6 mice. Plaque growth in APPtg-B6 
mice shows no restriction during the investigated points 
in time (Fig. 1), indicating a reduced function of micro-
glia. Although microglia can be found located around 
amyloid plaques, it is not possible to conclusively distin-
guish between secreting and phagocytizing phenotype so 
far [29, 48, 50]. After migrating to the amyloid plaque and 
the phenotypic shift into round and activated microglia, 
the microglia cell body is placed peripheral of the amy-
loid plaque near the ends of the star-shaped branches, and 
some of the amyloid fi brils can also be found inside the 
microglial cytoplasm [48]. However, the normal activation 
process of these macrophages includes formation of vacu-

Fig. 3. The relative number of different-sized amyloid plaques in the cortex strongly depends on the genomic background. The number 
of ‘small’ and ‘large’ plaques shows signifi cant variations when comparing APPtg-B6 and APPtg-FVB strains. Mice in the C57Bl/6J 
background reveal a uniform distribution of ‘small’ and ‘large’ plaques at old age (150 days – 200 days). ‘Small’ plaques are the larg-
est population through all ages in APPtg-FVB mice. Data are presented as means ± SEM (n ≥ 5 per group), *p ≤ 0.05; **p ≤ 0.01
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oles, lysosomes, lipid droplets, which cannot be found in 
amyloid plaque-associated microglia [48, 50], indicating a 
more secreting phenotype in the fi rst place. 

Whether the observed differences in our strains depend 
on microglial activity or whether microglial activity just 
correlates with the number and size of plaques in the fi rst 
place cannot be clarifi ed, here. We see vigorous variations 
in these examined parameters in mouse models of AD with 
distinct genomic backgrounds. These fi ndings are based on 
various differences in nuclear and mitochondrial genomes 
in both strains. The identifi cation of specifi c genes that 

are involved in this differentially regulated Aβ kinetics 
and deposition in the FVB/N mice in contrast to C57Bl/6J 
mice could help to identify new targets for the treatment or 
modulation of AD.

Summary

Here, we show that different genomic backgrounds infl u-
ence amyloid pathology and microglia reaction and could 
confi rm data from earlier experiments using YACs [36]. 
Thus, it is of importance to compare results only from 
genetically identical mouse models. However, till now, 
experimental data of mixed or incompatible background 
strains are still being published although the results are 
nearly incomparable and interpretation is almost impos-
sible. The detection of true biological changes requires 
careful analysis to become useful for the improvement 
of the patient’s situation and lead to effective new dis-
coveries.
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Fig. 4. Plaque burden and microglial response is altered by the genomic background in β-amyloidosis mouse models. Plaque number 
and plaque size are signifi cantly increased in APPtg-B6 mice (A and C) versus APPtg-FVB mice (B and D) at 100 days (A and B) 
and 200 days (C and D) of age. Insets show examples of microglia (brown) located near amyloid deposits (red) (scale bars: 100 μm)

Fig. 5. Relative amount of plaque-related microglia in APPtg 
mice with different genomic backgrounds. The relative number 
of plaques that are more than 50% covered by microglia is sig-
nifi cantly increased in APPtg-FVB mice at most time points. As 
shown in the previous fi gures, the APPtg-FVB mice have lower 
amounts of plaques and amyloid levels at distinct time points 
(75, 175, and 200 days) that may be explained by the increased 
activity of microglia in this specifi c strain. Data are presented as 
means ± SEM (n ≥6 per group), **p ≤ 0.01; ***p ≤ 0.001
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