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Abstract. Increasing evidence suggests that type 2 diabetes mellitus (T2DM) is strongly correlated with Alzheimer’s disease
(AD). To examine the relationship between T2DM and AD, autoantibodies against amyloid-Aβ were measured in the serum of
T2DM patients and age-matched controls. Levels of Aβ autoantibody were measured by ELISA in serum samples of T2DM
patients (n = 92) and age-matched control group (n = 106). Aβ autoantibody levels were increased in T2DM compared with
age-matched controls by 45.4 ± 8.1% (p < 0.001). Females had higher Aβ autoantibody levels than males in both T2DM and
control group. Aβ autoantibody levels in the T2DM group were positively correlated with the levels of cholesterol (p = 0.011),
low density lipoprotein cholesterol (p = 0.020), and triglycerides (p = 0.039). In conclusion, the level of Aβ autoantibody is
dramatically elevated in patient serum of T2DM, and, as such, might be used as a possible biomarker for T2DM.
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INTRODUCTION
Diabetes mellitus (DM) is one of the most common
and increasing metabolic diseases characterized by elevated blood glucose concentration [1]. Even though
DM is indicated by hyperglycemic status, DM can
lead to micro- or macrovascular complications associated with morbidity and mortality of these individuals.
Moreover, DM is often associated with central obesity, hypertension, and dyslipidemia, which collectively
1 Equal

contribution as the first author.
to: Professor Inhee Mook-Jung, Department of
Biochemistry and Biomedical Sciences, Seoul National University
College of Medicine, 28 Yungun-dong, Jongro-gu, Seoul, 110-799,
Korea. Tel.: +82 2 740 8245; Fax: +82 2 3672 7352; E-mail: inhee@
snu.ac.kr.
∗ Correspondence

constitutes metabolic syndrome. Each component of
metabolic syndrome is related, and they each represent
risk factors for multiple life threatening diseases, such
as myocardial infarction and cerebrovascular diseases.
DM is classified as type 1 DM (T1DM) and type 2 DM
(T2DM). In T1DM, pancreatic β-cells are depleted due
to abnormal autoimmune response. On the other hand,
T2DM is normally characterized by insulin resistance,
in which even increased insulin levels do not elicit proper signaling responses. In advanced state of T2DM,
however, pancreatic β-cells can also be depleted [1].
Alzheimer’s disease (AD) is an age-related neurodegenerative disorder, characterized by senile plaques
formed from the Aβ peptide and neurofibrillary tangles
derived from hyperphosphorylated tau [2]. Although
these two diseases appear to bear no pathological relationship at first sight, increasing evidence suggests
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that DM and AD are strongly correlated [3,4]. For
example, the incidence of AD is 2 to 5 times higher
in T2DM patients than normal population [5]. Moreover, these two diseases share uncanny similarities in
their pathogenic mechanisms (i.e., age-related processes, metabolic changes, degenerative processes, and aggregation of Aβ) [5]. Like AD whose pathological
hallmark is Aβ plaques, amyloid in islet (amylin) is
partly responsible for the destruction of pancreatic βcell in T2DM [6]. Moreover, islet amyloid is derived
from the islet Aβ protein precursor (IAβPP), which
has about high homology to the Aβ protein precursor (AβPP). In the same way that Aβ is derived from
AβPP, islet amyloid is derived from IAβPP [7]. Islet
amyloid toxicity is also linked to the induction of inflammatory processes and neurotoxicity [8]. As such,
intra-cerebroventricular injections of streptozotocin, a
diabetogenic compound, has recently been used as a
novel animal model of AD [9]. Conversely, it has also been suggested that AD represents a ‘brain-specific
form of diabetes’ (i.e., ‘Type 3 diabetes’) by several
reports [9–11].
Based on the background described above, we designed this study to determine the relationship between
Aβ autoantibodies and T2DM. Although the deposition of Aβ in the brain is a cardinal marker for AD,
its levels in AD patient serum are controversial – increased or decreased. On the other hand, autoantibodies against Aβ are consistently reduced in AD patient
serum [12–15]. In this study, we evaluated the levels
of Aβ autoantibodies in serum of T2DM and healthy
age-matched control subjects.

MATERIALS AND METHODS
Subjects
Serum samples of T2DM patients (n = 92) were
obtained from Seoul National University Hospital
(SNUH), and age-matched control groups (n = 106)
were obtained from Seoul National University Healthcare System Gangnam Center. Each sample was collected after informed consent under the approval of the
Institutional Review Board. Height, weight, body mass
index (BMI), waist, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood glucose,
HbA1c, total cholesterol (TC), triglyceride (TG), high
density lipoprotein cholesterol (HDL), low density
lipoprotein cholesterol (LDL), and creatinine of samples were determined (Table 1).

Measurement of Aβ autoantibody
Levels of Aβ autoantibody in serum of the T2DM
patients and control group were measured by direct
enzyme-linked immunosorbent assay (ELISA) established as previously reported [11]. Briefly, microtiter
wells (Maxisorp, Nunc, Roskilde, Denmark) were
coated overnight with 1 µg/well monomeric human
Aβ1−42 (Bachem, Bubendorf, Switzerland) in 0.1 M
sodium bicarbonate buffer (pH 9.6) at 4 ◦ C. Following
washing with phosphate-buffered saline (PBS)/0.05%
tween20, the plates were blocked with fetal bovine
serum (FBS)/PBS buffer (10% FBS in PBS) at room
temperature (RT) for 1 h. The plates were washed and
then incubated with serum diluted at 1:100 in FBS/PBS
buffer for 1 h at 37 ◦ C. After washing, the wells were
incubated with a 1:2000 dilution of sheep anti-human
IgG antibody conjugated to HRP (Amershan Pharmacia Biotech, Buckinghamshire, UK) for 30 min at 37 ◦C.
The well were washed, and a color substrate, 3,3’,5,5’tetramethylbenzidine (TMB) (Pierce, Rockford, IL)
was added to the wells. The plates were read on a plate
reader at 450 nm.
Measurement of total IgG
Amounts of total IgG in serum of T2DM patients
and control group were measured by direct ELISA as
described in the manufacturer’s protocols of “human
IgG kit” (Standard Diagnostics, INC., Korea)
Statistical analysis
Differences in Aβ-autoantibody levels between
T2DM patients and control groups were examined for
statistical significance using the unpaired t-test. The
relationship between Aβ autoantibody and other variables in DM group were examined using the correlation analysis and linear regression analysis. Statistical
analyses were performed using SPSS 12.0 (SPSS Inc.,
Chicago, IL).
RESULTS
Subject characteristics
There was no statistical difference between T2DM
patients and control groups in age, BMI, waist, blood
pressure, blood cholesterol level, blood LDL level, and
creatinine (Table 1). However, the DM group had
greater mean fasting blood glucose (p < 0.001), HbA1c
(p < 0.001), and TG (p < 0.005) than control group
and reduced mean HDL (p < 0.005) than control group
(Table 1).
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Table 1
Clinical data of control and T2DM group. Data are means ± SD
Gender (M:F)
Age (year)
Height (cm)
Weight (kg)
BMI (kg/m2 )
TG (mg/dL)
TC (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
SBP (mmHg)
DBP (mmHg)
Fasting blood glucose (mg/dL)
HbA1c (ng/mL)
Creatinine (mg/mL)
∗∗∗ p

Control (n = 106)
(62:44)
55.1 ± 7.1
163.2 ± 7.0
62.6 ± 9.0
23.4 ± 2.4
103.8 ± 42.9
197.5 ± 28.8
55.0 ± 12.5
121.7 ± 27.7
118.7 ± 16.6
75.4 ± 11.2
90.0 ± 6.3
5.5 ± 0.2
1.0 ± 0.2

DM (n = 91)
(53:38)
55.8 ± 8.0
163.2 ± 8.8
64.3 ± 11.3
24.0 ± 3.0
130.9 ± 71.7∗∗
192.3 ± 33.8
49.4 ± 12.3∗∗
116.8 ± 30.1
123.0 ± 16.2
76.3 ± 9.3
136.30 ± 37.5∗∗∗
7.0 ± 1.2∗∗∗
1.0 ± 0.2

< 0.001, ∗∗ p < 0.01, ∗ p < 0.05, by unpaired t-test.

Levels of Aβ autoantibody
Levels of Aβ autoantibody measured by ELISA were
calculated by the mean of control group to be 100%.
Aβ autoantibody levels were significantly elevated in
the T2DM group by 45.4 ± 7.7% compared to the control group (p < 0.001) (Fig. 1A). Surprisingly, females
had 63.0 ± 13.7% higher Aβ autoantibody levels than
males in the T2DM group (p < 0.001). The reason
for this difference is currently unclear. A similar pattern of increased Aβ autoantibodies in females (12.7 ±
6.4%) was also seen in the control group (p = 0.048)
(Fig. 1B). Nonetheless, there remained a significant increase in Aβ autoantibody levels in the T2DM group
compared to the control group among both females
(74.9 ± 12.0%, p < 0.001) and males (24.6 ± 8.7%,
p = 0.006), albeit with much greater magnitude among
females.
Amounts of total IgG
Total IgG levels were 14.6 ± 0.7 mg/mL in the
T2DM group and 13.8 ± 0.6 mg/mL in the control
group, which did not significantly differ from each other (p = 0.237) (Fig. 1C).
Correlation for variables and level of Aβ
autoantibody in T2DM group
Correlation analyses were performed to determine
whether Aβ autoantibody levels correlate with various
other serum measures among the T2DM group. Specifically, linear regression analysis showed that the level of Aβ autoantibody was positively correlated with
TC (R = 0.264, p = 0.011), LDL (R = 0.244, p =

0.020), and TG (R = 0.217, p = 0.039) in the T2DM
group (Fig. 2). In control subjects, the level of Aβ
autoantibody was not significantly correlated with any
of these variables (TC, R = −0.064, p = 0.513; LDL,
R = −0.040, p = 0.684; TG, R = −0.040, p =
0.686). R stands for Pearson’s correlation coefficient
(R).

DISCUSSION
T2DM is characterized by insulin resistance and dyslipidemic state [1]. Under these conditions, Aβ autoantibody levels in serum were elevated. This result
suggests an interesting pathobiological relationship between AD and T2DM. We previously showed that Aβ
autoantibody levels were decreased in Tg2576 mice
(AD animal model), and serum level of Aβ autoantibody was lower in older mice that had higher Aβ level
in the brain [12]. Similarly, other studies also reported
that AD patients had reduced serum level of Aβ autoantibodies [13–15]. Given that immunization with Aβ
peptides could prevent amyloid deposition and clear
preformed plaques from brain [16–19], reduced level
of Aβ autoantibodies would be expected to attenuate
the capacity to clear Aβ from AD brains, and thereby
further promote Aβ deposition [20]. In contrast, our
results showed increased level of Aβ autoantibodies
in T2DM. This might be interpreted to indicate that
DM may be protective against the development of AD.
However, this simple interpretation is contrary to findings from many epidemiological studies in which DM
patients are far more likely to develop AD [3,4]. To
find a more suitable interpretation of this phenomenon,
it is important to also consider the effects of DM on
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Fig. 1. Serum level of Aβ autoantibody and amounts of IgG. A) Difference of serum level of Aβ autoantibody between control and T2DM group.
Data are mean ± SEM. ∗∗∗ p < 0.001, by unpaired t-test. B) Gender difference of serum level of Aβ autoantibody. Data are mean ± SEM.
∗∗∗ p < 0.001, ### p < 0.001, ## p < 0.01, by one-way ANOVA followed by post-hoc test. C) Difference of amounts of IgG between control
and DM group. Data are mean ± SEM. No significant difference, by unpaired t-test.

dyslipidemia and immune function. T2DM is frequently associated with dyslipidemia which is characterized
by elevated levels of TG, LDL, and cholesterol. Dyslipidemia in DM results from insulin resistance and reduced activity of lipoprotein lipase, leading to slower
degradation of VLDL (very low density lipoprotein) as
well as increased TG and decreased HDL [21]. Indeed,
the relationship between cholesterol/lipids and AD is
well documented. In AD animal models, diet-induced
hypercholesterolemia caused accumulation of Aβ in
the central nervous system [22]. Hypercholesterolemia
is thought to promote β-secretase cleavage of AβPP in
membrane rafts [2] and thereby promote Aβ generation. The non-amyloidogenic α-secretase resides outside of membrane rafts, whereas β- and γ-secretases
are concentrated in membrane rafts (cholesterol rich

area) [2]. Membrane cholesterol level is a key factor
determining raft stability [23] and membrane cholesterol content is regulated by serum cholesterol. Consequently, the level of Aβ could be increased in hypercholesterolemic state. In this study, since only TG, not
TC or LDL, was significantly elevated in T2DM group,
the effect of elevated TG on Aβ autoantibody remains
to be clarified in future studies.
Although Aβ levels in peripheral blood may fluctuate, it is conceivable that Aβ autoantibody levels might
reflect Aβ content within a defined period. Given that
increased TC, LDL, or TG is positively correlated with
level of Aβ autoantibody, we hypothesize that chronic dyslipidemia causes enhances Aβ levels, which in
turn stimulates B-cells to produce more autoantibodies against Aβ. Our observation that total IgGs were
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Fig. 2. Correlation for variables and level of Aβ autoantibody in T2DM group. A) Plot of logarithm for serum cholesterol levels against serum
level of Aβ autoantibody in T2DM group. R = 0.264, p = 0.011, by linear regression. B) Plot of logarithm for serum LDL levels against serum
level of Aβ autoantibody in DM group. R = 0.244, p = 0.020, by linear regression. C) Plot of logarithm for serum TG levels against serum
level of Aβ autoantibody in DM group. R = 0.217, p = 0.039.

not different between T2DM and normal controls indicates that global B-cell immune responses are not
altered in T2DM. Therefore, the significant increase
in Aβ autoantibodies in T2DM suggests a B-cell response dependent on the level of the antigen, Aβ. The
mean age of our subjects was about 55 years old, an
age that is ∼20 years younger than that of typical sporadic AD. Therefore, the increased Aβ autoantibody
level in T2DM not only reflects the level of the antigen but also might be an early biomarker related to AD
risk. Although the precise mechanism underlying this
phenotype is not known, our study showed a possibility that the Aβ autoantibody level might serve as an
additive biomarker for T2DM. Additional longitudinal

studies will be needed to clarify the correlation of the
Aβ autoantibody level with T2DM and AD.
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