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Angiostatin, an endogenous angiogenesis inhibitor generated by the proteolytic cleavage of plasminogen, was recently reported to
contribute to the development of Alzheimer’s disease (AD). However, whether there are pathological changes in angiostatin levels
in individuals with AD dementia is unclear, and whether plasma angiostatin has a relationship with major AD pathological
processes and cognitive impairment remains unknown. To examine plasma angiostatin levels in patients with AD dementia and
investigate the associations of angiostatin with blood and cerebrospinal fluid (CSF) AD biomarkers, we conducted a cross-sectional
study including 35 cognitively normal control (CN) subjects and 59 PiB-PET-positive AD dementia patients. We found that plasma
angiostatin levels were decreased in AD dementia patients compared to CN subjects. Plasma angiostatin levels were negatively
correlated with plasma Aβ42 and Aβ40 levels in AD dementia patients and positively correlated with CSF total tau (t-tau) levels and
t-tau/Aβ42 in AD dementia patients with APOE-ε4. In addition, plasma angiostatin levels had the potential to distinguish AD from
CN. These findings suggest a link between angiostatin and AD pathogenesis and imply that angiostatin might be a potential
diagnostic biomarker for AD.
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INTRODUCTION
Alzheimer’s disease (AD) is the most common neurodegenerative
disease in the world [1]. The main pathological hallmarks of AD
include extracellular senile plaques consisting of β-amyloid (Aβ)
and intracellular neurofibrillary tangles composed of hyperpho-
sphorylated tau [2]. Several risk factors, including aging, neuroin-
flammation, and vascular dysfunction, have been considered to
contribute to AD pathogenesis [3–6]. However, the pathogenic
mechanisms underlying AD have not yet been elucidated.
In recent years, accumulating evidence has indicated that

abnormal angiogenesis may participate in the pathogenesis of AD
[7, 8]. Disruption of pro-and antiangiogenic processes has been
considered to directly contribute to AD pathology [9]. Develop-
ment of the blood-brain barrier (BBB) is initiated during
angiogenesis, and BBB integrity plays a vital role in brain
homeostasis and neuroprotection [10]. Disruption of the BBB has
been shown to coincide with the onset of cognitive impairment
[11, 12]. In addition, modulating cerebrovascular neoangiogenesis
could reverse brain pathology in a preclinical model of AD, which
strengthens the link between angiogenesis and AD [13].
Angiostatin, an endogenous angiogenesis inhibitor that is

cleaved from plasminogen, may be involved in the pathogenesis
of AD. In a rat model of AD, treatment with angiostatin
significantly reduced microgliosis, diminished microvessels, and
improved neuronal viability [14]. In addition, physical exercise

ameliorated cognitive impairment in an AD rat model by
modulating angiostatin levels [15]. Recent large-scale plasma
proteomic analysis showed that angiostatin was associated with
dementia risk [16]. However, there are few clinical studies on the
relationship between angiostatin and AD biomarkers. Our study
aimed to explore alterations in plasma angiostatin levels in
cognitively normal control (CN) subjects and AD dementia
patients and the correlations of plasma angiostatin levels with
brain and blood AD biomarkers.

MATERIALS AND METHODS
Study population
All participants were recruited from the Chongqing Ageing & Dementia
Study (CADS) [17], which is an ongoing cohort study initiated in 2010 that
aimed to explore the mechanisms of the evolution of aging in AD to
identify biomarkers for early diagnosis and the development of interven-
tional strategies for AD.
AD dementia patients were recruited from the Neurology Department of

Daping Hospital from December 2018 to May 2020. The clinical assessment
of AD dementia was performed following a previously used protocol [18]. In
brief, the demographic data and medical history (such as hypertension,
coronary heart disease, and diabetes mellitus) were collected. The cognitive
and functional status of participants with memory and cognitive complaints
was assessed using a neuropsychological battery that included the Mini-
Mental State Examination (MMSE), Montreal Cognitive Assessment, activities
of daily living, auditory verbal learning test, clock drawing test, Trail Making
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Test, Boston naming test, digit span test, clinical dementia rating, Pfeiffer
Outpatient Disability Questionnaire, and Hachinski ischemic score. The
clinical diagnosis of AD was based on the criteria of the National Institute of
Neurological and Communicative Diseases and Stroke/AD and Related
Disorders Association following the protocols we used before [19] and
contained the following steps: (1) insidious onset of symptoms, (2) clear
history of cognitive deterioration, and (3) significant cognitive impairments
in at least one of the following categories: visuospatial presentation,
language presentation, amnestic presentation, or executive dysfunction. (4)
Individuals with familial AD and other types of dementia were excluded. The
clinically diagnosed AD patients were further evaluated with Aβ positron
emission tomography (PET) scanning with PiB to detect and quantify Aβ
deposition in the brain. All the subjects enrolled in the AD dementia group
were amyloid positive and referred to as AD dementia patients [19].
Age- and sex-matched cognitively normal control (CN) subjects had no

history or signs of neurological disorders in the clinical examination and
were randomly recruited from the hospital at the same time. CN subjects
with CSF Aβ42 ≤ 930.35 pg/mL who met the preclinical diagnostic criteria
of the CADS were excluded.
Subjects were excluded for the following reasons: (1) a family history of

dementia; (2) a concomitant neurological disorder that could potentially
affect the cognitive function or other types of dementia; (3) severe cardiac,
pulmonary, hepatic, or renal diseases or any type of tumor; (4) enduring
mental illness (e.g., schizophrenia); (5) diseases that may affect coagulation
and the fibrinolytic system (e.g., bleeding disorders); (6) recently used
treatments that affect angiostatin levels (e.g., blood transfusion); and (7)
refusal to participate in the study.
Finally, a total of 35 CN participants and 59 AD dementia patients were

included in the present study. Written consent was obtained from all
participants or their legal representatives. This study was approved by the
Institutional Review Board of Daping Hospital.

Sample collection
Fasting blood was collected from all participants between 07:00 and 09:00.
The blood samples were centrifuged within an hour of collection, and
ethylenediaminetetraacetic acid (EDTA) plasma was aliquoted into 0.5 mL
polypropylene tubes and stored at −80 °C. Cerebrospinal fluid (CSF)
samples were collected by lumbar puncture from 35 CN subjects and 25
AD dementia patients. The CSF samples were centrifuged at 2000 x g at
4 °C for 10min, and the aliquots were then immediately frozen and stored
at −80 °C until use. Informed consent was obtained before the acquisition
of the blood and CSF samples.

PET acquisition and analysis
Subjects were asked to fast for at least 6 h but had free access to water
before the PET scan. PET scans were performed with a Siemens Biograph 64
PET/CT machine (Siemens, Munich, Germany) in three-dimensional mode.
PiB-PET scans were performed according to standardized research
protocols [20] in separate sessions. Specifically, a dynamic 90-min emission
scan was performed following intravenous injection of 11C-PiB after 10min
of a transmission scan. Standardized images were extracted within the
regulated interval time after injection. All scans were performed in a dimly
lit and quiet room with subjects in a resting state. The visual ratings were
performed by radiologists with specific training in the interpretation of PET
who were blinded to all clinical information, and the final ratings were
decided by consensus. PiB-PET scans were rated as either PiB-PET+ (binding
in at least one cortical brain region, such as frontal, temporal, parietal, or
occipital) or PiB-PET− (binding predominantly in white matter) [21].

Measurements of plasma angiostatin, Aβ, and tau levels
Angiostatin levels in plasma were determined using human angiostatin
enzyme-linked immunosorbent assay (ELISA) kits (Jiangsu Jingmei
Biotechnology Co., Ltd., Yancheng, China). Plasma levels of Aβ42 and
Aβ40 were measured using the commercially available single-molecule
array (SIMOA) Human Neurology 3-Plex A assay kit (Quanterix, United
States) using the automated SIMOA HD-1 zanalyzer (Quanterix, United
States). CSF levels of Aβ40, Aβ42, total tau (t-tau), and phosphorylated tau-
181 (p-tau) were measured using human Aβ and tau ELISA kits (Innotest,
United States) [18].

Statistical analysis
Demographic characteristics with continuous variables are described as
the median/mean, and categorical data are summarized as absolute

frequencies. Differences in the frequencies of sex and apolipoprotein E
(APOE)-ε4 categories were assessed by chi-square tests. Differences in
other demographic characteristics and angiostatin levels were tested using
a two-sample independent t test (or Student’s t test with Welch’s
correction if the F test showed significantly different variances between
groups). The correlations of angiostatin levels with Aβ and tau levels were
analyzed by partial correlation analyses adjusted by age, sex, education
level, and APOE-ε4 genotype. The sample size in the current study has
been estimated using a professional tool (http://www.
powerandsamplesize.com/) to ensure a desired power. The data are
expressed as the mean ± standard deviation (SD). All hypothesis testing
was two-sided, and p < 0.05 was defined as statistically significant. The
computations were performed with SPSS version 20.0 (SPSS Inc., United
States).

RESULTS
Characteristics of the study population
The characteristics of the subjects are shown in Table 1. The study
consisted of 59 AD dementia patients with positive PiB-PET and 35
age- and sex-matched CN subjects. There were no significant
differences in age, sex, education level, or comorbidities (diabetes
mellitus, hypertension, and cardiovascular disease) between the
AD and CN groups. The AD dementia group had a higher
percentage of APOE-ε4 carriers (p < 0.0001). The mean MMSE
score of the AD dementia group was significantly lower than that
of the normal control group (p < 0.0001).

Comparisons of plasma angiostatin levels between the control
and AD groups
Plasma angiostatin levels in patients with PiB-PET+ AD dementia
were lower than those in the CN subjects (14.52 ± 8.75 vs. 25.41 ±
22.98 pg/ml, p= 0.0015) (Fig. 1A). Plasma angiostatin concentra-
tions were lower in APOE-ε4 carriers than in APOE-ε4 noncarriers
among the patients with AD dementia (12.00 ± 5.96 pg/ml vs.
17.51 ± 10.55, p= 0.0145) (Fig. 1B).

Correlations of plasma angiostatin with plasma Aβ levels
There were 35 CN subjects and 44 AD dementia patients among
the participants who had plasma Aβ levels measured. Plasma
angiostatin levels were negatively correlated with plasma Aβ42
levels (R2= 0.1026, p= 0.034; Fig. 2A), and there was a tendency
towards a negative correlation with plasma Aβ40 levels
(R2= 0.0877, p= 0.051; Fig. 2B) in PiB-PET+ AD dementia patients.
There were no correlations between angiostatin levels and plasma

Table 1. Characteristics of all participants.

Characteristics CN (N= 35) AD dementia
(N= 59)

p values

Age, mean (SD), y 67.46 (5.79) 66.88 (10.86) 0.7727

Female, N (%) 16 (45.71) 33 (55.93) 0.3377

Education level,
mean (SD), y

9.31 (4.14) 9.42 (4.30) 0.9040

MMSE score,
mean (SD)

26.88 (2.07) 14.51 (6.84) <0.0001

APOE-ε4 carriers,
N (%)

8 (22.86) 32 (54.24) <0.0001

Diabetes (%) 4 (11.43) 9 (15.90) 0.7610

Hypertension (%) 6 (17.12) 13 (22.30) 0.6082

Coronary artery
disease (%)

8 (22.86) 12 (20.30) 0.7986

Stroke history (%) 3 (8.57) 4 (7.30) >0.9999

The results are shown as the mean (SD) or number (%).
CN cognitively normal control, AD Alzheimer’s disease, y years, MMSE Mini-
Mental State Examination, APOE apolipoprotein E, N number, SD standard
deviation.
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Aβ42 or Aβ40 levels in either CN subjects or all participants
(Fig. 2C, D). In addition, there was no correlation of angiostatin
levels with age or MMSE scores across all participants (Supple-
mentary Fig. 1).

Correlations of plasma angiostatin levels with CSF Aβ and tau
levels
To further reveal the relationships between angiostatin and AD
pathological changes, we analyzed the correlations of plasma
angiostatin with CSF Aβ, t-tau, and p-tau levels. Among all
enrolled subjects, CSF Aβ was measured in 35 CN subjects and 25
AD dementia patients. Plasma angiostatin levels showed a
negative correlation with CSF Aβ42 levels in AD dementia patients
(R2= 0.2147, p= 0.0197) but had no correlation with CSF Aβ40
(p= 0.3248) (Fig. 3A, B), Aβ42/40 (p= 0.3913), Aβ42/t-tau (p=

0.3540), or Aβ42/p-tau (p= 0.4677). No significant correlation
between angiostatin levels and CSF Aβ levels was found in the CN
group. In addition, t-tau and p-tau levels had no correlations with
plasma angiostatin levels in either AD or CN groups (data not
shown). Then, we performed subgroup analyses between APOE-ε4
carriers and noncarriers among those in the AD group and found
that plasma angiostatin levels had a positive correlation with CSF
t-tau levels (R2= 0.4049, p= 0.0144) but did not correlate with CSF
p-tau (p= 0.6170) (Fig. 3C, D). Based on the notion that the ratio of
CSF tau to Aβ42 has a higher correlation with brain Aβ deposition
[22, 23], we analyzed the correlations of plasma angiostatin with
these ratios. Plasma angiostatin levels had a positive correlation
with CSF t-tau/Aβ42 (R2= 0.3932, p= 0.0164) in AD APOE-ε4
carriers but showed no correlation with CSF p-tau/Aβ42
(p= 0.8685) (Fig. 3E, F).

Fig. 1 Comparison of plasma angiostatin levels between different groups. Comparison of plasma angiostatin levels between the
cognitively normal controls (CN) and PiB-PET+ AD dementia patients (A). Comparison of the plasma angiostatin levels between APOE-ε4
carriers and noncarriers among the PiB-PET+ AD dementia patients (B).

Fig. 2 Correlation analyses of plasma angiostatin with plasma Aβ levels. Correlations of angiostatin levels with plasma Aβ42 levels (A) and
Aβ40 levels (B) in PiB-PET+ AD dementia patients and cognitively normal controls (CN). Correlations of angiostatin levels with plasma Aβ42
levels (C) and Aβ40 levels (D) in all participants.
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Diagnostic value of plasma angiostatin levels for AD
To discriminate between AD and CN subjects, the area under the
curve (AUC) for plasma angiostatin was 0.6639 (p= 0.0081, 95%
CI= 0.5491–0.7787), which was slightly higher than 0.6253
(p= 0.0568, 95% CI= 0.4938–0.7569) for plasma Aβ40 and lower
than 0.6877 (p= 0.0043, 95% CI= 0.5610–0.8143) for plasma Aβ42
and 0.6770 (p= 0.0235, 95% CI= 0.5273–0.8267) for CSF Aβ40.

The AUC of CSF Aβ42 was high at 0.9680 (p < 0.0001, 95% CI=
0.9227–1.000) (Fig. 4A). Then, we analysed the diagnostic value of
angiostatin in distinguishing AD patients with APOE-ε4 from CN
subjects, and the AUC for plasma angiostatin increased to 0.7321
(p= 0.0011, 95% CI= 0.6102–0.8541), which was still higher than
that for the plasma biomarker Aβ40 (AUC= 0.6261) but still lower
than that for Aβ42 (AUC= 0.7453) (Fig. 4B). These pieces of

Fig. 3 Correlations between plasma angiostatin levels and CSF biomarkers. Correlations of angiostatin levels with CSF Aβ42 levels (A) and
Aβ40 levels (B) in PiB-PET+ AD dementia patients and cognitively normal controls (CN). Correlations of angiostatin levels with t-tau levels (C)
and p-tau levels (D), t-tau/Aβ42 (E), and p-tau/Aβ42 (F) in PiB-PET+ AD dementia patients with APOE-ε4.

Fig. 4 Receiver operating characteristic (ROC) curves of angiostatin. ROC curves of angiostatin and common biomarkers of AD. Diagnostic
value of angiostatin and known biomarkers in distinguishing AD patients from cognitively normal controls (A). Diagnostic value of angiostatin
and known biomarkers in distinguishing AD patients with APOE-ε4 from cognitively normal controls (B).
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evidence suggested that the diagnostic efficiency of plasma
angiostatin was higher in AD dementia patients with positive
APOE-ε4.

DISCUSSION
The current study first demonstrated that plasma angiostatin
levels are lower in AD dementia patients than in CN subjects and
explored the correlations between angiostatin levels and Aβ and
tau levels in humans. In AD dementia patients, plasma angiostatin
levels were negatively correlated with plasma and CSF Aβ42 levels
and positively correlated with CSF t-tau and t-tau/Aβ42 levels in
APOE-ε4+ AD dementia patients but did not correlate with CSF
p-tau levels, even in the APOE-ε4 carriers. The results also showed
that plasma angiostatin has a potential diagnostic value for
distinguishing AD patients from CN subjects.
A recent study suggested that higher levels of plasma

angiostatin were associated with lower dementia risk in the
Atherosclerosis Risk in Communities (ARIC) cohort [16]. However,
the following Mendelian randomization results imply that a
genetic propensity for greater plasma angiostatin levels increases
AD risk [16]. The relationship between blood angiostatin levels
and AD is controversial. In addition, a previous study found that
Aβ could promote extensive neoangiogenesis leading to
increased hypervascularization [24], while the cerebral microvas-
culature was shown to be reduced around Aβ plaques [25]. Hence,
the role of Aβ in angiogenesis and how angiogenesis may
contribute to the pathogenesis of AD remain unclear.
Angiostatin, an endogenous angiogenesis inhibitor, can block

the growth of new blood vessels via a negative feedback
homeostatic process [26]. Thus, angiostatin can be considered a
homeostatic mechanism to limit angiogenesis. However, the
enhanced and severe angiogenesis in the AD brain may damage
this negative feedback loop. The breakdown of the balance
between angiogenesis and vascular inhibition further strengthens
the degree of angiogenesis. In this manner, the level of plasma
angiostatin may reflect, to some extent, the severity of angiogen-
esis and AD-related neuropathology in the AD brain. Therefore,
the overall levels of plasma angiostatin were lower in AD
dementia patients, and they were negatively correlated with
plasma and CSF Aβ levels but positively correlated with CSF t-tau
levels in AD dementia patients in the current study. A previous
study demonstrated that APOE-ε4 carriers showed a much more
severe Aβ burden than noncarriers that could lead to excessive
angiogenesis [27], which may explain why plasma angiostatin
levels were lower in APOE-ε4 carriers than in APOE-ε4 noncarriers
among the AD dementia patients. These results suggest that
future therapeutics targeting brain angiogenesis also need to
consider the APOE-ε4 allele status.
P-tau is considered a specific biomarker for tau pathology, while

t-tau is considered a general marker of neurodegeneration. The
current study showed that angiostatin was correlated with CSF t-tau
but not p-tau, indicating that angiostatin is related to the severity of
neurodegeneration in patients with AD dementia. As an indicator
reflecting angiogenesis, angiostatin is more likely to directly act on
blood vessels, and its effect on neuronal damage may be indirect,
which explains some weak correlations in the current study to some
extent. There are fewer reports examining angiostatin and tau
phosphorylation. More research is warranted to explore the
relationship between angiostatin and p-tau in the future.
Indeed, antiangiogenic treatment has been applied in tumor

research for some time [28, 29], and angiostatin also seems to be
therapeutically promising for AD. A previous study demonstrated
that angiostatin can inhibit neuronal loss, reduce inflammation
and stabilize vascular remodeling in an animal model of AD [14].
Furthermore, a recent study demonstrated that targeting the
proangiogenic pathway using the anticancer drug axitinib, a small
molecule tyrosine kinase inhibitor targeting vascular endothelial

growth factor receptor (VEGFR), platelet-derived growth factor
receptor (PDGFR), and c-KIT receptors, dramatically reduced
cerebrovascular angiogenesis and promoted blood-brain barrier
integrity, resulting in improved Aβ clearance and diminished brain
Aβ burden in a mouse model of AD [13]. This evidence suggests
that angiogenic inhibition may have therapeutic potential for AD
and that angiostatin may also be useful in AD treatment. Further
studies are needed to investigate the therapeutic effect of
antiangiogenic interventions for AD.
Although CSF biomarkers already have high sensitivity and

specificity in the diagnosis of AD, studies on novel blood
biomarkers of AD are still attractive due to their convenience
and noninvasiveness in clinical practice. Our study first provides
evidence that plasma angiostatin may be a potential biomarker for
distinguishing AD dementia patients from CN subjects, and it
seems to be more applicable when used in APOE-ε4-positive AD
dementia patients. Indeed, APOE-ε4 increases the risk for AD and
is also associated with an earlier age of disease onset [30]. Hence,
further studies are encouraged to validate the diagnostic value of
angiostatin in preclinical AD.
One of the limitations of the present study is that this is a cross-

sectional observational study, and whether some of the identified
trends in the present study could be generalized to a broader
population still needs validation. Mechanistic conclusions cannot
be drawn from the present data, and large-scale and multicentre
cohort studies are needed to further clarify the associations
between AD and angiostatin in the future. Moreover, in some
cases, AD diagnosis is made based on clinical symptoms and
routine MRI and blood tests according to 1984 criteria. Previous
studies found that some AD patients diagnosed by 1984 criteria
were negative in Aβ deposition in PET test [31, 32]. Therefore, it is
uncertain whether the findings of this study would also be
apparent in AD participants diagnosed by criteria without PET or
biomarker tests, which needs to be investigated in the future. The
current study did not analyze the association between angiostatin
and vascular factors that also have an impact on AD. At the same
time, whether drugs targeting angiostatin could improve the
cognitive function of AD dementia patients remains to be further
investigated.
In conclusion, this study provides clinical evidence for the

relationship between angiostatin and AD, suggesting that
angiostatin may be a potential biomarker for brain angiogenesis
in AD, which is worthy of further exploration in the future.
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