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A large body of experimental evidence suggests that cytokines trigger pancreatic p-cell death in type 1
diabetes mellitus. Daintain/AIF-1 (Allograft Inflammatory Factor-1), a specific marker for activated mac-
rophages, is accumulated in the pancreatic islets of pre-diabetic BB rats. In the present study, we demon-
strate that daintain/AIF-1 is released into blood and the levels of daintain/AIF-1 in the blood of type 1
diabetes-prone non-obese diabetic (NOD) mice suffering from insulitis are significantly higher than that
in healthy NOD mice. When injected intravenously into NOD mice, daintain/AIF-1 stimulates white blood
cell proliferation, increases the concentrations of blood glucose, impairs insulin expression, up-regulates
nitric oxide (NO) production in pancreases and accelerates diabetes in NOD mice, while the antibody
against daintain/AIF-1 delays or prevents insulitis in NOD mice. These results imply daintain/AIF-1 trig-
gers type 1 diabetes probably via arousing immune cells activation and induction of NO production in

pancreas of NOD mice.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Type 1 diabetes is a multi-factorial autoimmune disease charac-
terized by T cell mediated destruction of B cells in pancreas [1]. The
early stages of the disease process are termed insulitis, an inflam-
matory reaction resulting from the infiltration of pancreas by
mononuclear immune cells, including dendritic cells, macro-
phages, and T cells [2]. The death of B cells in this process is prob-
ably caused by direct contact with activated macrophages and T
cells, and/or exposure to soluble mediators secreted by these cells,
including cytokines, nitric oxide (NO), and oxygen free radicals [3].
Although the molecular pathways involved in the pathogenesis of
type 1 diabetes are unknown, there is substantial evidence that
suggests cytokines as key mediators [4,5].

Daintain, a 146 amino acid peptide, is produced by macrophage
lineage first isolated from porcine intestines with effects on insulin
release in the mid-1990s [6,7]. Contemporaneously, Allograft
Inflammatory Factor-1 (AIF-1) was identified as a macrophage fac-
tor in rat and human cardiac allografts with chronic rejection [8,9].
Daintain and AIF-1 share the probable identical amino acid se-
quence, therefore, we call the polypeptide daintain/AIF-1 [10].
Although the mechanisms are still not very clear, studies from sev-
eral diverse systems, demonstrate that the protein and its related
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proteins [11,12], are involved in inflammatory and immune re-
sponses such as survival and pro-inflammatory activity of macro-
phages [13], production of cytokines in a mouse macrophage cell
line [14], neointimal hyperplasia, endothelial cell activation
[15,16] and autoimmune diseases such as experimental autoim-
mune neuritis, encephalomyelitis, and uveitis [17].

Our previous work has revealed that a particularly dense accu-
mulation of daintain/AIF-1 located in the pancreatic islets of pre-
diabetic BB rats [7]. Later, we found that daintain/AIF-1 could
decrease the cell viability and glucose-stimulated insulin secretion
in INS-1 B cells [18]. In the present study, we aim to explore the
role of daintain/AIF-1 in the pathology of type 1 diabetes using
type 1 diabetes-prone non-obese diabetic (NOD) mice, a well
established animal model for diabetes research [19].

2. Materials and methods

NOD mice were obtained from the standard animal center of
China Medical College (Beijing, China). Animal studies were ap-
proved by the Huazhong University of Science and Technology
Institutional Committee for the Care and Use of Animals.

2.1. Daintain/AIF-1 assay in blood

Blood samples were obtained from retro-orbital sinus of 8 NOD
(female, 9 weeks) mice in heparin tubes. Plasma were collected by


http://dx.doi.org/10.1016/j.bbrc.2012.09.087
mailto:biozyy@163.com
http://dx.doi.org/10.1016/j.bbrc.2012.09.087
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc

514
A
- R e W e G v ey g
1 2 3 4 5 6 7 8
B
—_ - *%
‘_-_!30
w
< £
g
C = -
EE 20
g8
BE
%010-
-]
%3
¢35
Sc
= g

insulitis

control

Fig. 1. Daintain/AIF-1 assay in blood. (A) Western blot analysis of daintain/AIF-1 in
the blood of NOD mice. Proteins in the plasma of NOD mice were concentrated and
applied to Western blot, daintain/AIF-1 was recognized with the mono-antibody
against it. 1-8: Plasma from 8 NOD mice, respectively. (B) The levels of daintain/
AIF-1 in the plasma of NOD mice suffering from insulitis (insulitis) and healthy NOD
mice (control) were analyzed with competitive ELISA. Results are expressed as
mean values + SEM (**p < 0.01 vs. control).

centrifugation at 1500g for 10 min and concentrated by centrifugal
filter devices (Amicon Ultra 3K device, Millipore, USA) according to
the user guide. Western blot analysis was employed to determine
whether daintain/AIF-1 could be released into blood. The monoclo-
nal antibody against daintain/AIF-1[20] (dilution 1:1000) was used
to recognize daintain/AIF-1 and then a goat anti-mouse IgG sec-
ondary antibody-conjugated horseradish peroxidase (1:3000, San-
ta Cruz, USA) was added. Reactions were visualized with CN/DAB
detection kit (Thermo Scientific, USA).

The level of daintain/AIF-1 in blood was measured by competi-
tive Enzyme-Linked Immunosorbent Assay (ELISA) as described
previously [21]. Briefly, blood samples from 9 healthy NOD mice
(female, aged 4 weeks) and 9 NOD mice suffering from insulitis (fe-
male, aged 9 weeks) were collected in heparin tubes from retro-
orbital sinus, respectively. The samples were centrifuged at
1500g for 10 min and a 20 pL aliquot of each sample was diluted
to 50 pL in saline for daintain/AIF-1 assay. 96 well polyvinylchlo-
ride plates were coated with 100 pL daintain/AIF-1 (purified from
porcine intestine as described in Ref. [7], 5 mg/L in 50 mM bicar-
bonate buffer, pH 9.6) and incubated overnight at 4 °C. The wells
were blocked with 120 pL of 1% gelatin at 37 °C for 40 min, and
washed with phosphate buffered saline containing 0.05% Tween
20 (PBST, pH 7.4) for 5 times. An equal volume (50 pL) of anti-dain-
tain/AIF-1 monoclonal antibody (dilution 1:1000), daintain/AIF-1
(20 mg/L was diluted to1:2'"'>) was mixed at room temperature
for 30 min and then added to each well, incubated at 37 °C for
60 min and washed with PBST for 5 times, followed by addition
of goat anti-mouse IgG-horseradish peroxidase (100 pL, 1:3000,
Santa Cruz, USA) into each well at 37 °C for 60 min, washed again.
Thereafter, 100 UL of substrate solution (5% H,05, 0.2 M Na;HPOy,,
0.1 M citric acid, pH 5.0) was added into each well and incubated
for 30 min, finally 50 pL of 2 M H,SO,4 was applied to terminate
reactions. Results were measured photometrically at 492 nm. Stan-
dard curve was used to determine the concentrations of substance,
plotting the concentration of daintain/AIF-1 on the X axis, and the
absorbance at 492 nm on the Y axis. For daintain/AIF-1 assay in
plasma, daintain/AIF-1 was substituted by the same volume
(50 pL) of plasma from each NOD mouse to be mixed with the
mono-antibody against it.
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Fig. 2. White blood cell count and determination of blood glucose levels. Daintain/
AIF-1, the antibody against daintain/AIF-1 or saline was intravenously injected into
NOD mice for three times. (A) White blood cell count. (B) The concentrations of
blood glucose were measured with an Accu-Chek Advantage blood glucose monitor.
Data are the mean values + SEM from 9 independent experiments (*p < 0.05 vs. the
control group).

2.2. White blood cell count and determination of blood glucose levels

The NOD mice (female, aged 4 weeks) were randomly divided
into three equal groups (n=9) i.e. (a) control group, in which the
mice received saline, (b) daintain/AIF-1 group, in which the mice
received daintain/AIF-1 at 0.5 pg/g body weight (in saline), (¢) anti-
body group, in which the mice received the mono-antibody against
daintain/AIF-1 at 1 pg/g body weight (in saline) [20], intravenously
on the first, 10th and 20th day, respectively. On the 35th day, white
blood cell (WBC) count was performed using a Celltac o counter
(MEK-6318K, Nihon Kohden, Japan). Then the mice were fasted
for 8 h and the concentrations of blood glucose were measured
with an Accu-Chek Advantage blood glucose monitor (Roche Diag-
nostics, Swiss).

2.3. Immunohistochemistry

The expression of insulin in pancreas of each mouse was
detected by immunohistochemistry. Briefly, the mice were anes-
thetized and executed 35 days after the first injection. After fixa-
tion in 4% paraformaldehyde, tissue samples were incubated
with the monoclonal antibody against insulin (1:200, Sigma,
USA) and washed with PBS. Peroxidase-conjugated rabbit anti-
mouse IgG (Santa Cruz, USA) diluted 1:500 in PBS was used as
the second immune-reagent. Sections were counterstained with
hematoxylin and reaction products were visualized with 3.3’-
diaminobenzidine.
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2.4. Detection of nitric oxide (NO) levels in pancreas

The pancreases of the NOD mice treated with saline, daintain/
AIF-1 or antibody were washed with buffer (50 mM Tris-HCI,
0.15 M Nadl, pH 7.6) and cut into small pieces, then homogenized
and centrifuged at 12000g for 10 min at 4 °C to remove the debris.
Pancreatic NO production was measured with NO assay kit (Beyo-
time Biotechnology, Nanjing, China) using the Griess reagent
method [22] according to the manufacturer’s protocol. Briefly,
50 pL of tissue extract was collected and mixed with 50 pL of Gri-
ess reagent in a multi-well microtiter plate at room temperature
for 5 min. Absorbance was measured at 540 nm in a microplate
reader (Tecan Sunrise, Salzburg, Austria) and the amount of nitrite
was calculated from a NaNO, standard curve. Proteins were quan-
tified with bicinchoninic acid (BCA) protein assay Kit (Beyotime
Biotechnology, Nanjing, China).
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2.5. Statistical analysis

All data obtained were expressed as means = SEM. The differ-
ences between the means were analyzed statistically with Stu-
dent’s t-test. Values of p<0.05 were taken to imply statistical
significance.

3. Results
3.1. Daintain/AIF-1 assay in blood

After concentrated, plasma from 8 NOD mice were applied to
Western blot, daintain/AIF-1-immunoreactions were visible on
the polyvinylidene difluoride (PVDF) membranes as shown in
Fig. 1A. The result revealed that daintain/AIF-1 was released from
its original cells into blood.

daintain/AlIF-1

Fig. 3. Immunohistochemical localization of insulin in pancreas. (A) An insulin-stained image of cross sectional pancreatic B cells area in antibody group (left), the pancreatic
islet was normal and positively stained. The control group (middle), the pancreatic islet was suffering from insulitis with infiltration of pancreas by mononuclear immune
cells, part of pancreatic islet was stained. The daintain/AIF-1 group (right), the pancreatic islet was suffering from severe insulitis with infiltration of pancreas by large
amounts of mononuclear immune cells, and only a little number of B cells remained. (B) The average mass of pancreatic p cells in the control group, the antibody group and
daintain/AIF-1 group. Data are presented as mean + SEM (n =9) (*p < 0.05, **p < 0.01vs. the control group).
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Competitive ELISA was carried out to examine the levels of
daintain/AIF-1 in blood during diabetes progression in NOD mice.
As show in Fig. 1B, the average level of daintain/AIF-1 in the blood
of NOD mice suffering from insulitis was 25.7 + 1.1 mg/L, signifi-
cantly higher than that in the healthy NOD mice 9.0 + 1.3 mg/L
(p <0.01). The results suggest that daintain/AIF-1 is a circulatory
protein involved in type 1 diabetes.

3.2. White blood cell count and determination of blood glucose level

Report has shown that daintain/AIF-1 played an important role
in the survival and pro-inflammatory activity of macrophages [13].
Activation of autoimmune cells is a critical issue in type 1 diabetes.
To explore the role of daintain/AIF-1 in type 1 diabetes, daintain/
AIF-1 or the antibody was intravenously injected into NOD mice.
As shown in Fig. 2, white blood cell count and blood glucose levels
in daintain/AIF-1 group were obviously higher than that in control
group (white blood cell: 4.4+1.6 x 10°/L vs. 1.9+0.8 x 10°/L,
p <0.05; blood glucose: 19.3 £+6.5 mM vs. 5.4+ 1.1 mM, p <0.05),
white blood cell count in antibody group was significantly lower
than that in control group (0.7 0.4 x 10°/L vs. 1.9 + 0.8 x 10°/L,
p <0.05), but there were no statistically significant difference be-
tween the blood glucose levels in the antibody group and the con-
trol group (4.8+0.6 mM vs. 54 + 1.1 mM). Here, daintain/AIF-1
stimulated white blood cell proliferation, probably enhanced
inflammatory activity in NOD mice. In addition, the NOD mice trea-
ted with daintain/AIF-1 exhibited the classic diabetes symptoms
such as frequent urination, excessive thirst and unusual fatigue.
The results imply that daintain/AIF-1 probably participates in the
initiation of diabetes in NOD mice.

3.3. Immunohistochemistry

Type 1 diabetes results from the destruction of insulin-produc-
ing pancreatic B cells by a B cell-specific autoimmune process.
Immunohistochemistry was carried out to observe insulin expres-
sion in pancreases of NOD mice. Pancreases were collected 35 days
after the first injection and fixed in 4% paraformaldehyde. B cells
were recognized by the mono-antibody against insulin and the
reaction products were visualized with 3.3’-diaminobenzidine. As
shown in Fig. 3, Fig 3A is an insulin-stained image of cross sectional
pancreatic B cells area in antibody group (left), the pancreatic islet
was normal and positively stained. The control group (middle), the
pancreatic islet was suffering from insulitis with infiltration of
pancreas by mononuclear immune cells, part of pancreatic islet
was stained. The daintain/AIF-1 group (right), the pancreatic islet
was suffering from severe insulitis with infiltration of pancreas
by large amounts of mononuclear immune cells, and only a little
number of B cells remained. In fact, pancreatic islets could not be
found in some samples with daintain/AIF-1 treatment. Compared
with the antibody group, B cell mass was reduced to about
67 +22% in control group (p < 0.05, B cell mass in antibody group
was considered to be 100%) and 13 £ 11% (p < 0.01, compared with
the control group) in daintain/AIF-1 group as shown in Fig. 3B.
These results indicate daintain/AIF-1 impairs insulin expression
and may cause B cell dysfunction. This is consistent with our pre-
vious study that daintain/AIF-1 causes B cell dysfunction in INS-1 B
cells [18]. Interestingly, the antibody against daintain/AIF-1 de-
layed or prevented insulitis, could protect pancreatic islet cells
from autoimmune attack.

3.4. Detection of NO levels in pancreas
Macrophages, ductal cells, and endothelial cells in pancreatic is-

lets may mediate B cell damage by producing either NO or cyto-
kines that then stimulate NO production by B cells [23]. To
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Fig. 4. Detection of nitric oxide (NO) levels in pancreas. The concentrations of
pancreatic NO in control group, the antibody group and daintain/AIF-1 group were
measured using the Griess reagent method. Data are presented as mean * SEM
(n=9) (*p < 0.05 vs. the control group).

clarify the mechanism of daintain/AIF-1 causing B cell dysfunction,
the concentrations of NO in the pancreases of NOD mice were de-
tected by NO assay kit. As shown in Fig. 4, the average value of NO
in the control pancreases was 31.2 + 6.5 umol/g protein, while the
average level of NO in the pancreases of the mice treated with
daintain/AIF-1 was 48.7 + 8.2 nmol/g protein (p < 0.05 compared
with the control group), and the average value of NO in the anti-
body group was 20.7 + 3.2 pmol/g protein (p < 0.05 compared with
the control group). The data demonstrated that daintain/AIF-1 en-
hanced NO production in the pancreases of NOD mice, while the
antibody against daintain/AIF-1 decreased NO production probably
via daintain/AIF-1 elimination.

4. Discussion

In our original study, we reported that a particularly high con-
centration of daintain/AIF-1 located in the insulitis of prediabetic
BB rats [7]. Using type 1 diabetes-prone NOD mice as model, we
have further investigated the role of daintain/AIF-1 in the patho-
genesis of type 1 diabetes. The result showed that this polypeptide
could be released into blood and the level of the polypeptide in the
blood of the NOD mice suffering from insulitis was significantly
higher than that in healthy NOD mice. The data suggest that dain-
tain/AIF-1 is involved in the pathogenesis of type 1 diabetes.

When intravenously injected, daintain/AIF-1 stimulated white
blood cell proliferation. Several studies have demonstrated the im-
mune regulation function of daintain/AIF-1 [13,14,24]. Our previ-
ous study also showed that daintain/AIF-1 increased the level of
C-reactive protein and awoke fibrinogen in blood with higher
blood viscosity and faster blood coagulation [25]. Therefore, dain-
tain/AIF-1 could probably arouse inflammatory reactions in NOD
mice. Moreover, daintain/AIF-1 directly increased high levels of
blood glucose, and accelerated diabetes in NOD mice. The results
suggest daintain/AIF-1 probably participated in the initiation of
diabetes in NOD mice.

The pathophysiology of type 1 diabetes is basically a destruc-
tion of B cells in the pancreas, regardless of which risk factors or
causative entities have been identified. In our experiment, pancre-
atic B cell mass decreased with daintain/AIF-1 administration. In
addition, the levels of insulin in the blood of the NOD mice chal-
lenged with daintain/AIF-1 were too low to be detected (data not
shown). Moreover, we found the concentrations of NO in the pan-
creases of NOD mice were higher than that in control pancreases.
Excessive NO production from immune cells and/or cytokine-acti-
vated B cells has been implicated in B cell disruption in type 1 dia-
betes [23].
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It is notable that the antibody against daintain/AIF-1 delayed or
prevented insulitis, could protect pancreatic islet cells from auto-
immune attack in NOD mice.

Collectively, these data indicate that daintain/AIF-1 may play
important roles in the initiation and progress of type 1 diabetes.
While the precise mechanism of daintain/AIF-1 triggering type 1
diabetes remains unclear. Further study is needed.
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