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1. Project Accomplishments:

Both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) are associated with
long-term complications; the most important in terms of increased mortality in adults are
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Figure 1. Working hypothesis behind the
proposal. Diabetes results in downregulation
of miR-486-5p, a microRNA located in the
Ankyrin 1 (Ank1) locus, in macrophages. lts
validated targets are PTEN and FoxO1.
MicroRNA-486 normally suppresses PTEN
and FoxO1, thereby suppressing
inflammatory signaling. Under diabetic
conditions, miR-486 is suppressed, the
PI13K/Akt pathway is suppressed due to
increased PTEN expression, and FoxO1
upregulated, which might contribute to
inflammatory activation of macrophages, and
diabetes complications, such as
atherosclerosis.

macrovascular complications leading to
cardiovascular disease (CVD)." The majority of
diabetes-associated CVD is due to increased
atherosclerosis. Mouse models of diabetes-
accelerated atherosclerosis demonstrate that
diabetes promotes macrophage accumulation in
atherosclerotic lesions,** consistent with findings
from human autopsy material from subjects with
either T1IDM or T2DM.° We have recently
demonstrated that in two different mouse models of
diabetes-accelerated atherosclerosis, accumulation
of macrophages in the blood vessel wall is most
likely due to diabetes-induced inflammatory
activation of these cells, and that blocking this
inflammatory activation completely prevents
diabetes-accelerated atherosclerosis, but not
atherosclerosis in non-diabetic mice.* This
suggests that diabetes-accelerated atherosclerosis
has, in part, a different etiology than
atherosclerosis that develops under non-diabetic
conditions. We are therefore very interested in
identifying mediators of this diabetes-induced
macrophage inflammatory activation, with the hope

of finding new drug targets to treat or prevent diabetes-accelerated atherosclerosis and perhaps
other complications of diabetes that are also dependent on macrophage activation.

This P&F award has allowed us to start to investigate on the role of microRNAs in
diabetes. In addition to addressing most of the original aims, the aims of the project were
expanded during the funding period. Instead of focusing solely on mir-486 in macrophages, we
became very interested in the possibility that miRNAs produced by macrophages might be
released into circulation and travel to other target cell types on HDL, where they might mediate
important effects.® During the funding period, Dr. Kasey Vickers and colleagues showed that
miRNAs travel on HDL and mediate important effects on endothelial cells.” We therefore
initiated a collaboration with Dr. Vickers (Vanderbilt University). We have also started to collect
and analyze HDL-associated microRNAs in humans with diabetes.

Our long-term goal is to identify new drug targets to deactivate macrophages, increase
the anti-inflammatory effects of HDL in diabetes, and prevent atherosclerosis and other diabetes

complications.

2. Specific Aims:

The original application had two specific aims, which were to address the questions:



1. Is miR-486 suppressed by diabetes in monocytes and macrophages and is this
associated with hyperglycemia and suppression of Ank1 expression? We hypothesized
that miR-486 is suppressed in monocytes and macrophages by diabetes, and that this occurs
concomitantly with suppressed expression of the Ankyrin 1 gene, of which miR-486 is a part.

2. Is downregulation of miR-486 in macrophages sufficient for inflammatory activation,
mimicking the effect of diabetes? We hypothesize that downregulation of miR-486 in
macrophages is sufficient to cause inflammatory activation and to mimic the effect of diabetes,
and that these effects are due to increased expression of PTEN and FoxO1.

Results: In order to identify miRNAs affected by diabetes in macrophages, we performed
miRNA PCR arrays (SA Bioscience; n=3). Diabetes was induced by streptozotocin (STZ) in LDL
receptor-deficient (Ldlr
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diabetic mice. Micro-RNAs in green were reduced by diabetes and micro-
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downregulated by

diabetes. The most marked downregulation was seen for mmu-miR-486-5p (22.2-fold; p=0.03).
MicroRNA-486-5p is conserved in mice and humans,® and is part of the ankyrin 1 (Ank1) locus
in both species. A volcano plot of the array data is shown in Fig. 2A, and data on miR-486-5p is
shown in Fig. 2B. The phosphatase PTEN is a known target of miR-486,° and we therefore
measured the effect of Pten mRNA in mouse macrophages after inhibition of miR-486 by anti-
miR-486. In preliminary experiments, Pten mRNA levels were increased by inhibition of miR-486
(Fig. 2C). Together, these preliminary results suggest that diabetes results in changes in several
miRNAs in macrophages in mice, and that diabetes-mediated suppression of miR-486 might
contribute to increased levels of PTEN in macrophages. Increased levels of PTEN might lead to
inhibition of PI3K/Akt signaling and important downstream events.

This P&F award has also allowed us to establish an exciting collaboration with Dr.
Vickers and to expand our studies to human subjects with diabetes and to study miRNA
changes in HDL. HDL was isolated from streptozotocin-diabetic Ld/r”” mice by apoA-I affinity
chromatography, and changes in HDL-associated miRNAs were measured by real-time PCR.
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The diabetic mice had elevated blood glucose levels as expected (Fig. 3A). The HDL-
associated microRNA results are very preliminary, but suggest that several HDL-associated
miRNAs are altered by diabetes (Fig. 3B). Interestingly, miR-486 appears to be reduced in HDL
from diabetic mice, suggesting perhaps that changes in HDL-associated miRNAs in part reflect
changes observed in macrophages. Dr. Vickers is currently analyzing a larger number of
samples from our non-diabetic and diabetic mice, using sophisticated methods he has
established,®” and results will be generated within the next few weeks.
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Figure 3. Diabetes results in changes in micro-RNAs carried on HDL, both in associated
mice and humans. A. Blood glucose levels in non-diabetic (ND) and diabetic Ldlr miRNAs in
" mice (D) used for the HDL-miRNA study. B. Micro-RNAs associated with HDL subjects with
. . . /. .
from streptozotocin-diabetic Ldlr" mice were measured by real-time PCR T2D and
(TagMan). As a first pilot experiment, this was done on pooled samples from non- controls. In that
diabetic and diabetic mice, and the results shown are therefore based on N=1. C- study
D. In experiments planned in the near-future, miRNAs will be measured on HDL L)
from patients with T1D and matched controls. The figures shown in C and D were S|gn|flcan.t
generated by Dr. Kasey Vickers on a similar project analyzing micro-RNAs on HDL | ¢hanges in 43
from 10 subjects with T2D and 10 controls. C. Plasma (1 mL) was used to isolate miRNAs were
HDL by affinity chromatography, using an anti-apoA-I column. D. Volcano plot found (Fig. 3D).
showing the 43 HDL-associated miRNAs significantly altered by diabetes. The Overall,
same approach will be used to analyze HDL-associated miRNAs from T1D this P&F award
subiects and controls. has allowed us

to generate
exciting preliminary data on changes in microRNAs by diabetes in macrophages and HDL, has
allowed the lab to move into a new and translational area of diabetes complications research,
and will provide data for larger grant applications and multiple publications within the next few
years.
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3. Publications:

We expect to submit manuscripts describing the results from this project in 2015.



