
Introduction 

Alzheimer's disease is a progressive neurodegenerative 
ailment, accounting for 60% of all dementia cases. 
Dementia affects 63 million people worldwide with the 
prevalence projected to reach 114 million by 2050
(Ratnavalli et al., 2002). 

The pathogenesis of Alzheimer's disease is complex, 
and its etiology is not fully understood. Previous stu-
dies have suggested that the Alzheimer's disease onset 
process comprises of stages like pathogenesis without 
symptoms, mild cognitive impairment, and developing 
stage. Pathological features include: a) brain atrophy 
(Gustaw-Rothenberg et al., 2010); b) presence of multi-
ple inflammatory plaques, i. e. senile plaques (Kawa-
hara, 2004; Tabaton and Piccini, 2005), outside the 

cranial nerve cells; c) neurofibrillary tangles (Avila et 
al., 2004) in nerve cells; and d) decreased number of 
neurons and synapses (Tortosa et al., 1998). Molecular 
pathology changes appear several years or even deca-
des before cognitive impairment in Alzheimer's disease 
patients. Therefore, finding a typical decisive patho-
genic marker is the key to early Alzheimer's disease 
diagnosis (Gustaw-Rothenberg et al., 2010).  

Amyloid precursor protein (APP) is a type I trans-
membrane protein, with a membrane receptor like 
structure. It is closely associated with Alzheimer's 
disease occurrence and development. In vivo, APP 
undergoes degradation mainly through two pathways. 
In the ǂ-secretase pathway, APP is cleaved by ǂ- and Ǆ-
secretases sequentially, producing secreted APPǂ 
(sAPPǂ), P3 (Aǃ17-40 or Aǃ17-42), and the APP intra-
cellular domain. As ǂ-secretases cleave within the frag-
ment precursor of the Alzheimer’s disease-associated
peptide amyloid beta, no full-length amyloid beta is 
formed. So, this pathway is considered part of the non-
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Abstract
The aim of this study was to assess the potential of amyloid precursor protein 
in peripheral granulocytes as a diagnostic biomarker for early detection of 
Alzheimer’s disease. Immunohistochemistry and flow cytometry were used to 
evaluate amyloid precursor protein expression levels and subcellular localiza-
tion in Alzheimer’s disease. Much higher amyloid precursor protein expre-
ssion was observed in some leukocytes from Alzheimer’s disease patients, 
compared with samples from non-Alzheimer’s disease controls. In addition, 
flow cytometry data indicated significantly higher amyloid precursor protein  
expression in granulocytes from Alzheimer’s disease patients compared with 
control values. No statistically significant differences in amyloid precursor 
protein  expression were obtained in lymphocytes or monocytes between the 
patient groups. In conclusion, amyloid precursor protein expression level in 
peripheral blood granulocyte is a potential biomarker for early diagnosis of 
Alzheimer’s disease.
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amyloidogenic pathway in APP processing. In the ǃ-
secretase pathway, also called amyloidogenic pathway, 
APP is sequentially cleaved by ǃ- and Ǆ-secretases, 
producing extracellular APP (sAPPǃ), Aǃ (Aǃ-40, Aǃ-
42) and the APP intracellular domain. It is believed that 
the two degradation pathways co-exist, with ǂ- and ǃ- 
enzymes maintaining a relative balance and competing 
for the substrate. Under normal physiological condi-
tions, the ǂ-secretase pathway is predominant in APP 
processing, while in pathological conditions, the ǃ-
secretase pathway has the priority, producing Aǃ-40 
and Aǃ-42 and forming senile plaques which cause 
Alzheimer's disease (Dulubova et al., 2004; Hardy and 
Selkoe, 2002). However, the specific mechanism regula-
ting the two enzymes remains unclear.  

Multiple studies have been carried out to identify 
Alzheimer's disease biomarkers. Interestingly, three 
biomarkers have been well-established and validated 
internationally for diagnosis in CSF samples by ELISA: 
Aǃ (1–42), total tau, and phospho-tau-181. It is widely 
accepted that only the combination of these three CSF 
biomarkers significantly increases the diagnostic validi-
ty for sporadic Alzheimer's disease, with sensitivity and 
specificity of >95% and >85%, respectively (Blennow 
2005; Blennow et al., 2010; Marksteiner et al., 2007). 

Peripheral blood samples are more convenient for diag-
nosis compared with other tissues such as brain tissues 
or CSF. Routine diagnosis of Alzheimer's disease and 
mixed forms of dementia from CSF has several draw-
backs: Lumbar puncture and CSF collection is an inva-
sive method with potential adverse effects; screening of 
patients is often difficult, and follow-up analysis over 
several years is problematic. Consequently, identifying 
useful Alzheimer's disease biomarkers from peripheral 
blood to provide insights on Alzheimer's disease diag-
nosis has gained increasing attention (Blennow, 2005). 

Human platelets and lymphocytes produce all forms of 
APP and secrete amyloidogenic Aǃ peptides. These 
tissues may be useful in monitoring the responses to 
therapeutic interventions directed at APP metabolism
(Li et al., 1999). Regarding APP in peripheral blood as a 
potential biomarker for the diagnosis of Alzheimer's 
disease, some interesting data have been reported 
(Padovani et al., 2002). In platelets, APP comprises three 
major forms with molecular weights of 130 kDa, 110 
kDa, and 106 kDa, respectively. The ratio of high mole-
cular weight (130 kDa) APP form to that of low mole-
cular weight (110 kDa and 106 kDa) is termed platelet 
APP form ratio (APPr). It has been shown that 
alteration of platelet APP processing is an early event in 
Alzheimer's disease, and APPr measurement might be 
of diagnostic value in differentiating mild Alzheimer's 
disease from normal aging (Borroni et al., 2002; Evin 
and Li, 2012; Mukaetova-Ladinska et al., 2012). Other 
researchers investigated APP-N expression in platelets, 
and found that APP-N levels were negatively correlated 

with cognitive scores (Mukaetova-Ladinska et al., 2012). 
Finally, a recent promising study showed that combina-
tion of 18 selected biomarkers (chemokines, cytokines, 
growth factors and binding proteins) in plasma might 
allow the diagnosis of Alzheimer's disease (Mangia-
lasche et al., 2013) and MCI with nearly 90% accuracy. 

Our preliminary data showed that APP expression in 
peripheral blood cells was increased in Alzheimer's 
disease patients compared to non-Alzheimer's disease 
controls (data not shown). The APP protein plays an 
important role in the pathogenesis of Alzheimer's 
disease, and APP changes appear very early within and 
outside the central nervous system in patients with 
Alzheimer's disease (Jiang et al., 2003). In addition, a 
recent study suggested that white blood cell counts can 
be used as peripheral markers for Alzheimer’s disease 
(Shad et al., 2013). To further explore the effectiveness 
of peripheral blood cell APP as an Alzheimer's disease 
biomarker, we assessed the expression levels and sub-
cellular localization of APP in peripheral blood cells by 
immunochemistry/immunofluorescence and flow 
cytometry techniques. Our findings indicate that APP 
expression in peripheral granulocytes is a potential 
biomarker for Alzheimer’s disease, providing a basis 
for Alzheimer's disease prevention and cure.  

 

Materials and Methods 

Cases 

Samples were obtained from a total of 18 individuals. 
All specimens were collected with informed consent 
and under IRB-approved protocols. 

A total of 9 newly diagnosed Alzheimer's disease 
patients (4 males and 5 females; 53-87 years old) from 
Jiangbin Hospital (ZhenJiang City, Jiangsu Province) 
were randomly selected. Patients had no previous drug 
treatment and fulfilled the American NINCDS- 
ADRDA Alzheimer’s criteria. Each patient underwent 
the minimum mental state examination which was 
scored. Combined with electroencephalography, CT, 
MRI or SPECT, patients with other types of dementia 
were excluded.  

The control group comprised randomly selected 
healthy people (males 4; females 5) at the Jiangbin 
Hospital in ZhenJiang. They were 52-85 years old, with-
out Alzheimer's disease or other diseases diagnosed by 
physical examination. 

Methods 

Immunohistochemistry  

Blood was collected into tubes containing sodium 
citrate. Leukocytes were then isolated by lysing RBC 
with BD Pharm LyseTM lysing buffer (BD Biosciences, 
USA), followed by centrifugation at 2,000 rpm for 5 
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min. After a series of washes in PBS, cells were re-
suspended in PBS. Cells were then applied onto poly-L-
lysine coated glass slides, which were air dried and 
stored at room temperature until use. For IHC slides 
were washed with PBS and fixed for 15 min with 3.7% 
paraformaldehyde in PBS. After sequential rinsing with 
PBS and PBS + 0.5% Triton X–100, and blocking with 
BSA blocking buffer, slides were incubated overnight in 
a humid chamber at 40°C with rabbit polyclonal pri-
mary antibodies targeted at the N-terminus of APP 
(1:100, Abgent, USA). After washing, bound primary 
antibodies were detected either by FITC-conjugated 
(Sigma) or AP-conjugated (Jackson) secondary anti-
bodies. The BCIP/NBT kit was used in alkaline phos-
phatase (AP)-based immunoblotting detection. Images 
were acquired on an Olympus IX71 microscope.    

For statistical analysis, t-test was used to compare the 
expression of APP in different cell types between AD 
patients and non-dementia controls. 

Flow cytometry 

APP protein expression levels in peripheral blood cells 
were analyzed precisely using flow cytometry. 100 µL 
of peripheral blood from Alzheimer's disease and 
control patients, respectively, were assessed. After red 
blood cell lysis with BD Pharm LyseTM lysing buffer 
(BD Biosciences, USA), leukocytes were treated with 2% 
paraformalde-hyde, and permeabilized with 90% cold 
methanol. Primary antibody specific to an APP amino-
terminal epitope (Abgent, USA) and FITC-conjugated 
secondary antibodies (Sigma) were used. Antibody-
bound cells were finally re-suspended in 1 mL PBS. The 
fluorescence of 10,000 cells was measured using FACS 
Calibur (BD Bioscience, USA). FITC green fluorescence 
(APP signal) was analyzed within the context of a 
forward scatter (FSC) and side scatter (SSC) gate 
established to include granulocytes, monocytes and 
lymphocytes. Fluorescence intensity data were express-
ed as geometrical mean (GEO mean) for each cell type. 

 

Results 

Higher APP expression in some peripheral blood leuko-
cytes from Alzheimer's disease patients 

Leukocyte APP protein expression in samples from 
Alzheimer's disease patients and controls was assessed 
by fluorescence inverted microscope after immuno-
histochemical staining (Figure 1, 400x magnification). 
Figure 1 A and B show immunofluorescence data, while 
Figure 1C and D depict alkaline phosphatase staining 
results. Although basal expression of the APP protein 
was found in the control group, the intensity of APP 
signals was higher in some cell types from Alzheimer's 
disease patient samples. Interestingly, APP was mainly 
expressed in the cell membrane and/or cytoplasm for 
most positive cells, with the cellular expression often 

not evenly distributed. 

Granulocytes from Alzheimer's disease patients express 
significantly higher amounts of APP compared with 
control values 

Flow cytometry was used to assess APP expression in 
peripheral blood leukocytes. Blood cells from AD 
patients and healthy individuals (n = 9) were assessed 
by flow cytometry after fluorescence labeling. Figure 
2A shows the clustering of various types of peripheral 
blood cells. APP expression levels in AD patients and 
controls were detected and compared for lymphocytes, 
monocytes, and granulocytes (Figure 2). Interestingly, 
APP expression levels in lymphocytes, monocytes, and 
neutrophils from Alzheimer's disease patients were all 
higher compared with control values (Figure 2B and C). 

Independent sample t-test (Table I) was conducted to 
compare the Alzheimer's disease and control groups, 
with 95% confidence intervals determined. T values of 
1.045 (p = 0.312) and 1.264 (p = 0.224) were obtained for 
lymphocytes and monocytes, suggesting a higher APP 
expression in lymphocytes and monocytes from pa-
tients with Alzheimer's disease compared with control 
values, but the differences were not statistically 
significant. Meanwhile, a T value of 2.418 (p = 0.03) was 
obtained for granulocytes, indicating significantly high-
er APP expression in granulocytes from Alzheimer's 
disease patients compared with control values. 

 

Discussion 

Current clinical diagnosis of Alzheimer's disease requi-
res intensive examination that includes neuropsycho-

Figure 1: Immunohistochemistry detection of leukocyte APP. 
Panel A and B, immunofluorescence staining; Panel C and D, 
alkaline phosphatase staining 
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Figure 2: APP expression in circulating leukocytes determined by flow cytometry. (A) Dot plot of cells examined ex vivo in whole 
blood. Granulocytes, monocytes, and lymphocytes were gated; (B) histograms of APP levels in lymphocytes, monocytes, and 
granulocytes, respectively, from Alzheimer's disease and control subjects; (C) bar chart of fluorescence intensity analysis in lym-
phocytes, monocytes, and granulocytes 
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logical testing and costly brain imaging techniques, and 
a definitive diagnosis can only be made upon post-
mortem neuropathological evaluation. Additionally, 
ante-mortem clinical Alzheimer's disease diagnosis is 
typically administered following onset of cognitive and 
behavioral symptoms. As these symptoms emerge rela-
tively late in the disease course, therapeutic interven-
tion generally occurs after significant neurodegene-
ration, with limited efficacy. Therefore, identification of 
noninvasive diagnostic biomarkers of Alzheimer's 
disease is becoming increasingly important; they would 
provide diagnosis tools to clinics with limited access to 
neuropsychological testing or state of the art brain 
imaging, reduce clinical diagnosis cost, constitute 
biological parameters to track the course of therapeutic 
interventions, and most importantly, allow for earlier 
diagnosis possibly even during the prodromal phase, 
with hopes of therapeutic intervention prior to appre-
ciable neurodegeneration. 

In this study, APP expression levels in different peri-
pheral blood leukocyte types were assessed by flow 
cytometry, a highly sensitive method. The results 
obtained by flow cytometry and immunohistochemistry 
were consistent. By analyzing APP expression in 
peripheral blood leukocytes, including lymphocytes, 
monocytes, and granulocytes, high APP levels were 
found in some cells, especially in the membrane and/or 
cytoplasm. Statistical analysis suggested that APP 
expression in granulocytes from Alzheimer's disease 
patients is significantly higher compared with values 
obtained in healthy individuals; however, no statis-
tically significant differences were observed for 
lymphocytes and mononuclear cells.  

Magaki et al. (2008) reported increased APP expression 
on lymphocyte or monocyte surface in MCI subjects 
compared with controls, with no differences observed 
in granulocytes (Magaki et al., 2008). Here, surface as 
well as intracellular APP levels in lymphocytes, mono-
cytes, and granulocytes were measured. The increased 
APP expression in granulocytes is probably due to the 
higher intracellular APP production. The changes of 
methylation patterns and expression of multiple genes 
in Alzheimer's disease patient leukocytes (Hou et al., 
2013) might explain the change of APP expression in 
leukocytes. 

Platelets, considered a major source of peripheral APP, 

can generate the different APP forms via cleavage by ǂ- 
and ǃ- and other secretases, followed by storage in 
platelet ǂ granules. When platelets are activated, vari-
ous APP isomers and Aǃ are released, some of which 
penetrate through the compromised blood brain barrier 
and are deposited in the extracellular space in the brain, 
leading to senile plaque generation (Di Luca et al., 2000; 
Li et al., 1998). As shown above, granulocytes, lympho-
cytes and monocytes from peripheral blood cells all 
express the APP protein, and its expression levels are 
significantly higher in samples from Alzheimer's 
disease patients than those from control subjects. It has 
been suggested that Alzheimer's disease is associated 
with granulocyte density (Jaremo et al., 2013). In 
addition, ineffective phagocytosis of amyloid-beta by 
macrophages/monocytes in Alzheimer’s disease pati-
ents was reported (Fiala et al., 2005). Furthermore, the 
phagocytic activity of peripheral neutrophils is altered 
in Alzheimer's disease patients. Neutrophils were 
shown to retain the ability to engulf microbes, but their 
digestive activity decreased at the early stage of 
Alzheimer’s disease (Davydova et al., 2003). We 
speculate that APP might be engulfed and digested by 
peripheral neutrophils/PMN leukocytes, when circula-
ting at high levels under disease state. Therefore, 
decreased digestive activity of APP in PMN leukocytes 
might lead to the elevated APP levels observed in 
granulocytes from Alzheimer's disease patients. Our 
results indicate a potential close correlation between the 
APP accumulation in peripheral PMN leukocytes and 
Alzheimer's disease pathogenesis, which may help 
further uncover the physiological and biochemical 
mechanism of Alzheimer's disease; this merits further 
study. 

 

Conclusion 

APP levels in peripheral blood granulocytes may be 
used as attractive Alzheimer's disease biomarker candi-
date for early diagnosis, as peripheral blood cells can be 
obtained in a minimally invasive manner and are easily 
analyzed by widely available cytometry techniques. 
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Table I 

Fluorescence intensity (geometric mean) in lymphocytes, monocytes, and granulocytes  

Sample  n   Lymphocytes  Monocytes  Granulocytes  

Control    9  109.8 ± 21.6  252.4 ± 48.9  393.1 ± 31.2  

Alzheimer's disease 
      

 9  153.4 ± 35.8   395.0 ± 101.6  843.1 ± 145.9  

Data are mean ± SD 
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