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Abstract

Background: Despite robust cholesterol lowering, cardiovascular disease (CVD) risk remains
increased in patients with diabetes. Consistent with this, diabetes impairs atherosclerosis
regression following cholesterol lowering in humans and mice. In mice, this is attributed in part to
hyperglycemia-induced monocytosis, which increases monocyte entry into plaques despite
cholesterol lowering. Additionally, diabetes skews plague macrophages towards an atherogenic
inflammatory M1 phenotype instead of towards the atherosclerosis-resolving M2 state typical with
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cholesterol lowering. Functional high-density lipoprotein (HDL), typically low in patients with
diabetes, reduces monocyte precursor proliferation in murine bone marrow and has anti-
inflammatory effects on human and murine macrophages. Our study aimed to test if raising
functional HDL levels in diabetic mice prevents monocytosis, reduces the quantity and
inflammation of plague macrophages, and enhances atherosclerosis regression following
cholesterol lowering.

Methods: Aortic arches containing plaques developed in La//~'~ mice were transplanted into
either wild-type (WT), diabetic WT, or diabetic mice transgenic for human apolipoprotein A-I
(apoA-1), which have elevated functional HDL. Recipient mice all had low levels of LDL-
cholesterol to promote plaque regression. After 2 weeks, plaques in recipient mouse aortic grafts
were examined.

Results: Diabetic WT mice had impaired atherosclerosis regression, which was normalized by
raising HDL levels. This benefit was linked to suppressed hyperglycemia-driven myelopoiesis,
monocytosis, and neutrophilia. Increased HDL improved cholesterol efflux from bone marrow
progenitors, suppressing their proliferation and monocyte and neutrophil production capacity. In
addition to reducing circulating monocytes available for recruitment into plaques, in the diabetic
milieu, HDL also suppressed the general recruitability of monocytes to inflammatory sites and
promoted plague macrophage polarization to the M2, atherosclerosis-resolving state. There was
also a decrease in plaque neutrophil extracellular traps (NETS), which are atherogenic and
increased by diabetes.

Conclusions: Raising apoA-I and functional levels of HDL promotes multiple favorable
changes in the production of monocytes and neutrophils and in the inflammatory environment of
atherosclerotic plaques of diabetic mice after cholesterol lowering, and may represent a novel
approach to reduce CVD risk in people with diabetes.

Keywords
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Introduction

Patients with diabetes have a two to four-fold greater risk of atherosclerotic cardiovascular
disease (CVD) 1. Despite advances in therapies to reduce CVD risk, patients with diabetes
remain at increased risk for cardiovascular morbidity and mortality 2. Notably, diabetes not
only increases CVD events, but also impairs the resolution, or regression of atherosclerotic
disease 3. Consistent with the clinical data, diabetic mice have impaired atherosclerosis
regression, as measured by the quantity and inflammatory state of plaque macrophages after
aggressive lipid lowering 4~’. Diabetes in mice also increases monocytosis by activation of
precursors in bone marrow (BM), which leads to more significant monocyte infiltration and
macrophage content in plaques # 6. Furthermore, hyperglycemia impairs the polarization of
plague macrophages to the M2, inflammation-resolving state, which generally follows lipid
reduction in atherosclerotic mice 8.

The association between diabetes and leukocytosis extends beyond mouse models to clinical
populations 6 912 For example, in humans, leukocytosis is an established risk factor for the

Circulation. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barrett et al.

Methods

Page 3

progression and impaired regression of atherosclerosis 13 14, Increased white blood cell
levels also associate with CVD in patients with Type 1 diabetes 6. Reducing white blood cell
count and inflammatory phenotype, particularly of monocytes and macrophages, may
therefore represent a novel approach to reduce CVD risk and promote atherosclerosis
regression in people with diabetes.

Based on pre-clinical studies, one approach to accomplish these goals may be to increase the
levels of functional HDL, normally low in patients with diabetes 15-17. HDL not only
suppresses the proliferation of leukocyte bone marrow precursors through its ability to
promote the efflux of cholesterol from these cells 18, but it also has several anti-
inflammatory properties 19 20, We therefore hypothesized that increasing the levels of
functional HDL in diabetic mice would prevent monocytosis, decrease the entry of
monocytes into atherosclerotic plaques after lipid reduction, and consequently promote
atherosclerosis regression. In addition to reducing the quantity of plaque macrophages, we
also hypothesized that increased levels of functional HDL would favorably affect their
quality by dampening their heightened inflammatory state in diabetic mice 4 & 8 and
promoting polarization to the atherosclerosis-resolving M2 phenotype 21.

To directly test these hypotheses, we have utilized a model in which atherosclerotic plaques
are developed in LDL receptor knockout (Za//'~) mice, and then the diseased aortic arches
are transplanted to either i) wild-type mice (maximal regression environment); ii) wild-type
diabetic mice (impaired regression); or iii) diabetic mice expressing the human apoA-I
transgene (Tg), which increases the levels of functional HDL 22 23, The results showed
multiple benefits of raising functional HDL levels in diabetic mice, including reduced
monocytosis and monocyte recruitment to plaques, decreased plaque content of atherogenic
neutrophil extracellular traps (the formation of which are increased by diabetes 24),
enrichment in M2-like macrophages, and improved regression. These data not only
convincingly support our hypotheses; they provide the first direct evidence of the positive
effects of raising HDL levels on established plaques in a diabetic model. These results
suggest that improving HDL function will enhance the currently limited level of
cardiovascular risk reduction after robust lipid lowering in patients with diabetes,
particularly in the many with dyslipidemia characterized by low plasma HDL.

The data that support the findings of this study are available from the corresponding author
on reasonable request.

Animal Studies

All procedures described were approved by the Animal Use and Care Committee at the
NYU School of Medicine. The model of aortic arch transplantation has been previously
described 25, Briefly, the aortic arch is excised from a donor mouse (in these studies, Lalr
/=) and is implanted into the abdominal aorta of a recipient mouse by end-to-side
anastomoses, with the intervening abdominal aortic segment tied off to divert all blood flow
through the transplanted arch segment. Ld///~ mice were weaned at 4-6 weeks onto a high-
fat Western Diet (WD, 21% [wt/wt] fat, 0.3% cholesterol, Research Diets). Mice were
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maintained on WD for 16 weeks, after which a subset was used for baseline measurements,
and the remainder were used for transplantation procedures. Transplant recipient mice were
C57BI/6 (WT), diabetic WT or diabetic apoA-1 Tg, and the transferred aortic arches were
harvested after 2 weeks on chow. Four weeks prior to transplantation, two groups of
recipient mice were made diabetic by daily i.p. injections of streptozotocin (STZ; 50 mg/kg,
Sigma-Aldrich) or citrate buffer for 5 days to induce diabetes or serve as a control. Mice
used in the study were purchased from Jackson Laboratories (C57BI/6: stock #000664,
ApoA-I Tg: stock #001927).

Clinical Data

Informed consent and recruitment were performed under the New York University Langone
Medical Center Institutional Review Board. Patient samples from an ongoing study
investigating platelet activity were used for analysis 28. For this cohort, subjects =21 years
old were recruited from New York University Langone Medical Center, Bellevue Hospital,
or the Veterans Affairs NY Harbor Healthcare System. Subjects were excluded if they used
NSAIDs in the past week, antithrombotic therapy, renal failure (creatinine
clearance<30ml/min or on dialysis), presence of co-existing inflammatory disease (e.g.
rheumatoid arthritis, lupus, etc.), cancer, active infection, platelet count <100 x 10%/L or
>450 x 109/L, or any known hemorrhagic diathesis. For human subject samples, peripheral
blood samples were drawn using a 19-gauge needle without the use of a tourniquet. After an
initial 2 cc discard, blood was collected into tubes containing 3.2% (0.105 moles/L) sodium
citrate for monocyte phenotype measurements.

Plasma Lipoprotein Analyses

Total cholesterol, HDL-cholesterol (HDL-C), and triglyceride concentrations were measured
using colorimetric assays (Wako Diagnostics, Richmond, VA). Blood glucose and insulin
levels were measured after 4 hours of fast with a glucometer (Freestyle lite, Roche), and by
ELISA (Linco), respectively. STO0A8/A9 levels were measured by ELISA kits from
ALPCO.

Size and Concentration of HDL (HDL-Pya)

HDL-P,ma Was quantified by calibrated-ion mobility analysis (IMA), using HDL isolated by
ultracentrifugation from EDTA plasma 2’. Since electrophoretic mobility depends chiefly on
size, IMA data are expressed in terms of particle diameter, which corresponds to the
calculated diameter of a singly charged, spherical particle with the same electrophoretic
mobility. For each spectrum, three HDL subspecies (small, medium, and large) were
deconvoluted from the IMA spectra by unsupervised, iterative curve-fitting. HDL peak areas
were directly converted to HDL-Pja Using a calibration curve constructed with a protein
standard. For total HDL particle concentration, intra- and interassay coefficients of variation
were <10% and <20%, respectively. For the individual subspecies, CVs were <20%.

ApoA-I Infusions

Apolipoprotein A-1 (apoA-1) was isolated from fresh plasma of healthy volunteer donors by
sequential ultracentrifugation as previously described 27. All subjects gave written informed
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consent, and the Institutional Review Board of the Cleveland Clinic approved all study
protocols. All apoA-I preparations were tested for endotoxin contamination by the Limulus
amoebocyte lysate assay (LAL; Charles River Laboratories, Wilmington, USA) after
digestion with trypsin for 36 hours at 37°C and heat treatment at 75°C for 20 minutes. All
apoA-I preparations used in the study were confirmed to be essentially endotoxin free. Mice
were injected subcutaneously (s.c.) between the shoulder blades with either 15 mg/injection
of human native apoA-I (apoA-I group) or the carrier (PBS; control group) four times (every
other day) prior to termination of the experiment.

Plaque Analysis

At harvest, baseline aortic arches and transplanted arch grafts were perfused with 10%
sucrose, frozen in OCT, and serial-sectioned at 6 pm onto glass slides. Following staining,
microscopic images were digitized, and morphometric measurements were performed using
Image Pro Plus software (Micro Optical Solutions).

Immunostaining

To stain for macrophages, slides were fixed in 100% acetone and immunostained with CD68
(clone 1957, Serotec), followed by biotinylated secondary antibody (Vector Laboratories),
with visualization using a Vectastain ABC kit (Vector Laboratories). For mannose receptor
(CD206) staining the above protocol was used with an anti-Cd206 primary antibody
(MR5D3). Macrophage plaque proliferation was assessed by staining for Ki67 (clone SP6,
Abcam), and apoptosis by cleaved caspase 3 (Cell Signaling). Neutrophil extracellular traps
(NETS) were identified by staining with histone H3 (citrulline R2 + R8 + R17, Abcam),
myeloperoxidase (clone 2D4, Abcam) and Ly6G (Clone 1A8, BD Biosciences). Triple
positive areas were determined to be positive for NETs. Image analysis was performed in
ImageJ.

Plague Collagen Quantification

Tissues were stained with picrosirius red and quantified with Image Pro Plus software using
polarizing light microscopy.

Monocyte/Macrophage Trafficking

Monocytes were labeled as previously described 4. Briefly, 1um Fluoresbrite FITC-dyed
(YG) plain microspheres (Polysciences Inc.) were diluted in PBS (1:4), and 250l was
injected retro-orbitally into mice to label circulating monocytes. Bead labeling efficiency
was assessed by flow cytometry, 24h after bead injection. For the egress study, donor mice
were injected with 1 mg (i.p) of EdU 48 h prior to aortic transplantation. Macrophages
retained in plaques following transplantation were identified by performing a click reaction
with Alexa Fluor 647 nm-azide (Click-iT EdU Imaging Kit, Invitrogen) according to the
manufacturer’s instructions. Slides were imaged on a Leica SCN400F slide scanner, and
EdU positive cells were quantified.
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Flow cytometry

Blood Leukocytes—BIlood was collected via tail vein bleeding with EDTA-coated
capillary tubes. Red blood cells were lysed with BD Pharm Lyse (BD Biosciences), and
blocking achieved with anti-mouse CD16/CD32 (eBioscience). Monocytes were identified
by staining with PE anti-mouse CD115 (Biolegend) and APC anti-mouse Ly6G/Ly6C
(Biolegend). Neutrophils were identified as CD45MCD115/°Ly6-C/GNi by flow cytometry
using a LSRII analyzer. Intracellular ROS was assessed via dihydroethidium (Invitrogen)
staining.

Hematopoietic stem and progenitor cells—Hematopoietic stem and progenitor cells
were analyzed by flow cytometry as previously described 4. Briefly, bone marrow was
harvested from femurs and tibias and red blood cells were lysed with BD Pharm Lyse (BD
Biosciences). Cells were incubated with a cocktail of antibodies against lineage-committed
(lin) cells (B220, CD19, CD11b, CD3e, TER-119, CD2, CD8, CD4, Ly6-C/Ly6-G, all
FITC) and markers to identify the stem and progenitor cells that were identified as LSK (lin
-, Sac1*, and ckit*), CMP (lin-, Scal™, ckit*, CD34i", and FcyRIINYFcyRININY), and GMP
(lin~, Scal™, ckit*, CD34i", and FcyRIIN/FcyRINM). Cell cycle analysis was performed
using DAPI (Sigma Aldrich) to measure cells in the S-GoM phase. Flow cytometry was
performed using an LSR 1l (for analysis) or MoFlo (for sorting). All flow cytometry data
were analyzed using FlowJo X software (Tree Star). RNA from sorted cells was extracted
with RNeasy Micro kit (Qiagen) and cDNA was obtained with SuperScript VILO (Life
Technologies).

Monocyte Type Assessment (Human Samples)—Monocyte characterization was
performed by flow cytometry analysis on whole blood collected in sodium citrate. Ten
thousand monocytes were collected based on their forward-side-scatter properties. Monocyte
subsets were identified by double immunostaining for CD14 and CD16.

Isolation of Monocyte Progenitors & Cholesterol Efflux

Hematopoietic stem and progenitor cells were analyzed by flow cytometry as previously
described 4. Briefly, bone marrow was harvested from femurs and tibias of diabetic and
control C57B/6 mice, and red blood cells were lysed with BD Pharm Lyse (BD
Biosciences). Cells were incubated with a cocktail of antibodies against lineage-committed
(lin) cells (B220, CD19, CD11b, CD3e, TER-119, CD2, CD8, CD4, Ly6-C/Ly6-G, all
FITC) and markers to identify the progenitor cells (CD34), flow cytometry sorted cells were
incubated with chemokines to support the survival of monocyte progenitor populations
during the cholesterol efflux, FIt3L, SCF, IL-3 and IL-6 (StemSpan™ CC100, StemCell
Technologies). Monocyte progenitors were loaded with [3H]cholesterol (0.5 pCi/ml
[3H]cholesterol for 24 h, and equilibrated in 2 mg/ml BSA medium for 2 h). Cholesterol
efflux to apoA-I (50 pg/ml) or to the media (2 mg/ml BSA) in the absence of acceptors was
carried out for 4 h. Efflux to apoA-I and HDL was established to be linear at this time point
(Supplemental Figure 1). Efflux was measured by scintillation counting and is expressed as
a percentage of [3H]cholesterol in medium/([3H]cholesterol in medium + [3H]cholesterol in
cells) x 100%.
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RNA Isolation, cDNA Synthesis and gRT-PCR

For quantitative real-time PCR analysis of specific cell populations in the blood and BM,
cells were isolated via FACS sorter directly into RLT lysis buffer, and RNA isolated using
RNeasy Micro kit (Qiagen) and cDNA synthesized using SuperScript VILO (Invitrogen).
gRT-PCR Samples were normalized to m36b64 or Cyclophilin a. Primer sequences: s100a8
(5’ -TGCGATGGTGATAAAAGTGG-3’, 5'-GGCCAGAAGCTCTGCTACTC-3"), s100a9
(5"-CACAGTTGGCAACCTTTATG-3", 5'-CAGCTGATTGTCCTGGTTTG-3"), Rage (5 -
ACTACCGAGTCCGAGTCTACC-3', 5"-GTAGCTTCCCTCAGACACACA-3"), M36b4
(5"-AGATGCAGCAGATCCGCAT-3’,5'-GTTCTTGCCCATCAGCACC-3"), Abcal (5'-
GGACATGCACAAGGTCCTGA-3’, 5"-CAGAAAATCCTGGAGCTTCAAA-3"), Abcgl
(5'-CCCTCAAAGCCGTATCTGAC-3’, 5'-TTGACACCATCCCAGCCTAC-3").

Statistical analysis

Results

Linear regression was performed in R to evaluate the association between HbA1lc (%) and
the outcome variables (total WBC and HDL-C) adjusting for confounders including sex,
age, BMI, total cholesterol, LDL-C, triglycerides, hypertension for diabetic and non-diabetic
patients respectively Regression analysis data are reported as B regression coefficient (95%
Cl) and P value. Clinical non-normal variables were log transformed as appropriate.

Data are presented as mean + SEM. Statistical tests performed are outlined in the Figure
legends, and all analyses were performed in GraphPad Prism 7.05 unless otherwise stated.
Prior to analyses, normality of data was assessed with the D’ Agostino-Pearson omnibus test.
If data were found to not follow a normal distribution, a non-parametric test was performed
as indicated.

Hyperglycemia is Correlated with Leukocytosis and Reduced HDL Levels in Humans &
Mice with Diabetes

Leukocytosis and low levels of HDL-C and HDL particles are consistently observed in
patients with diabetes 10 11. 16 byt studies to determine the association between these two
factors and diabetes are limited. Therefore, we determined the association of circulating
white blood cell counts with either HbAlc, a long term marker of glucose control, in a
human cohort (demographics in Table 1) or with plasma glucose levels in our mouse
population.

Both groups contained samples from humans and mice with diabetes (Figure 1) and without
diabetes (Supplemental Figure 2). The level of HbAlc or blood glucose was positively
associated with white blood cell counts (Figure 1A, C, p = 0.310,0.384 respectively) and
negatively associated with HDL-C in humans and mice with diabetes (Figure 1B, D, p =
-0.192, -0.427 respectively). A significant association between HbAlc and WBC or HDL-
C remained following multivariable adjustment for sex, age, BMI, total cholesterol, LDL-C,
triglycerides, and hypertension status in the human diabetic population (Supplementary
Table 1 and 2). Overall, these data demonstrate that poor glucose control correlates with
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leukocytosis and reduced HDL-C, and that our diabetic mouse model resembles the clinical
diabetic cohort.

Overexpression of apoA-I/HDL Overcomes Hyperglycemia-Enhanced Leukocytosis

To evaluate if raising HDL particles (HDL-P) levels can overcome hyperglycemia-associated
leukocytosis we utilized mice overexpressing apoA-1 (“apoA-1 Tg”). Mice carrying the
human apoA-I transgene under the control of its natural promoter have elevated plasma
levels of total apoA-1, which is incorporated into HDL particles and results in increases in
both circulating apoA-1 and HDL-C. Consistent with the historical data 27, we found
increases in circulating HDL-P (Figure 2A) and human apoA-I (Figure 2B). In addition, the
mono-distribution of HDL particles in WT mice (Figure 2C) was converted to the subsets of
HDL resembling those in human plasma (Figure 2D).

We next investigated the effect of raising apoA-I/HDL on white blood cell counts in STZ-
induced diabetic mice. In diabetic WT mice, circulating white blood cell counts were greater
than in control nondiabetic WT mice (18.5 + 1.4 versus 13.2 + 0.5 10%/uL, p<0.001, Figure
2E). In contrast, white blood cell counts were no different between control and diabetic
apoA-I Tg mice (apoA-1 Tg: 13.7 + 0.6 versus diabetic apoA-1 Tg: 13.7 + 1.1 x 103/uL).
This result could not be attributed to different levels of hyperglycemia in WT and apoA-I Tg
mice (Supplemental Figure 3A). Consistent with our previous studies (e.g., ©), we found a
significant elevation in circulating monocyte count, particularly in the Ly6CN inflammatory
subset, between diabetic and control WT mice (diabetic WT: 1.2 + 1.4 versus WT: 0.81
+0.04 x 103/uL, Figure 2F-G, Supplemental Figure 3C). In diabetic apoA-I-Tg mice we
observed a significant decrease in circulating monocytes (0.92 + 0.09 x 103/uL) and
inflammatory Ly6CM monocytes (0.81 + 0.06 x 103/uL) compared to WT diabetic mice
(p<0.01 and p<0.05, respectively). Additionally, in diabetic mice overexpressing apoA-I/
HDL, we observed a significant reduction in circulating neutrophils compared to WT
diabetic mice (diabetic WT: 3.5 + 0.2 versus diabetic apoA-I Tg: 2.4 + 0.2 x 103/uL, p<0.01,
Figure 2H). Consistently, we observed that monocytes and neutrophils isolated from diabetic
apoA-l Tg mice had a reduced inflammatory profile, as assessed by cell surface CD11b
expression and reactive oxygen species generation, when compared to WT diabetic mice
(Figure 21-J, Supplemental Figure 3D-E).

Overexpression of apoA-I/HDL Suppresses Diabetes-mediated Myeloproliferation by
Promoting Cholesterol Efflux in Common Myeloid and Granulocyte Macrophage
Progenitors, and by Suppressing Neutrophil Activation

Previously, hyperglycemia-mediated leukocytosis had been linked to increased content of
monocyte and neutrophil progenitors within the bone marrow, namely common myeloid
progenitors (CMPs) and granulocyte macrophage progenitors (GMPs) 4 6. Indeed, in this
study we observed significant increases in the CMP (0.32 + 0.03 versus 0.22 + 0.01 %,
p<0.01) and GMP (1.7 £ 0.04 versus 1.34 £ 0.05 %, p<0.01) populations in WT diabetic
mice compared to WT controls (Figure 3A-B, Supplemental Figure 4). ApoA-1/HDL
overexpression in diabetic mice significantly reduced the CMP and GMP populations (by
31% and 24%, p<0.01, respectively; Figure 3B), indicating that raising apoA-1/HDL can
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suppress the production of monocytes in the setting of diabetes by reducing the number of
bone marrow progenitors.

ABCAL1 and ABCGL play a crucial role in hematopoietic stem cell proliferation 18 by
increasing plasma membrane cholesterol content. Consistent with our previous study in
diabetic mice 4, we found that Abcal and Abcgl were significantly suppressed in the CMP
and GMP populations in both diabetic WT and diabetic apoA-I Tg mice (Figure 3C-D).
Thus, we hypothesized that impaired cholesterol efflux capacity of the CMP and GMP
populations in hyperglycemia is a contributing factor to proliferation of these progenitors. In
support of this, we found that the efflux capacity of CMP and GMP isolated from either
diabetic WT or diabetic apoA-I Tg mice to be significantly impaired when compared to their
respective controls (p<0.05, Figure 3E). Addition of apoA-1 or HDL restored cholesterol
efflux in CMP and GMP populations of WT or Tg diabetic mice. This is reminiscent of the
ability of apoA-I or HDL to restore cholesterol efflux in Abcal'~Abcg1™'~ mice by
providing more acceptors in the aqueous diffusion pathway, which predominates in cells not
overloaded with cholesterol 28,

These data suggested that supplying additional apoA-I/HDL in the diabetic setting restores
plasma membrane cholesterol homeostasis in CMPs and GMPs, which is critical for the
regulation of their proliferation 8. Indeed, cell cycle analysis of CMPs and GMPs
demonstrated that overexpression of apoA-I/HDL suppresses the percentage of cells in the
G,M phase in the diabetic setting (by 20% and 33%, respectively; p<0.01, Figure 3F),
indicating that in the setting of diabetes, overexpression of apoA-1/HDL can directly
modulate the proliferative status of monocyte progenitor populations, even though the
expression of the key efflux transporters is decreased. Further, we found apoA-I infusions
also abrogated hyperglycemia-mediated myelopoiesis (Supplemental Figure 5A).

In addition to impaired cholesterol efflux, hyperglycemia-mediated myelopoiesis is, in part,
dependent on neutrophil activation and subsequent S100A8/A9 release 8. In our diabetic
mouse model, raising apoA-I/HDL significantly suppressed hyperglycemia-driven
neutrophil activation (Figure 21-J), and transcriptional profiling of neutrophils from control
and apoA-I/HDL overexpressing diabetic mice revealed that that there is a significant
reduction in s100a8and s100a9 mRNA, as well as their diabetes-relevant receptor, receptor
for advanced glycation end products (RAGE) (Figure 3G). Corresponding with these data,
we observed a significant reduction in circulating SLI00A8/A9 levels in diabetic mice
overexpressing apoA-I/HDL (p<0.01, Figure 3H). Furthermore, we found that Rage-mRNA
and cell surface expression were significantly suppressed on bone marrow CMP populations
in diabetic mice overexpressing apoA-1/HDL (Figure 31-J). We hypothesize that this is a
result of suppressed NF«B activation due to a reduction in p65 nuclear localization and
target transcript expression (Supplemental Figure 5B—C), a known regulator of RAGE
signaling 2°.

Consistent with the ability of apoA-1/HDL to suppress leukocytosis in mice, we also found
HDL-C to be negatively correlated with total neutrophil and monocyte counts in our patient
cohort (Figure 4A,B). In addition, we observed the inflammatory CD14**CD16* monocyte
population to be significantly reduced in patient populations with HDL-C levels greater than
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40 mg/dL (p<0.01, Figure 4C, Supplemental Figure 6—7). Plasma S100A9 levels were
negatively correlated with HDL-C, providing evidence in to support of the anti-
inflammatory capacity of HDL in humans (Figure 4D), as we found in mice (Figure 3).

Raising apoA-I/HDL Promotes Atherosclerosis Regression in the Setting of Diabetes

We next tested whether raising apoA-1/HDL in the setting of diabetes could overcome
diabetes-mediated impairments to atherosclerotic plague inflammation resolution and
regression. Thus, diabetic L/~ mice were fed a high fat-cholesterol diet for 16 weeks to
develop advanced plaques. Plaque-laden aortic arches were then transplanted into WT,
diabetic WT or diabetic mice over-expressing apoA-I/HDL (Figure 5A). Two weeks post
transplantation, aortic arches were excised and plaque characteristics determined. Mice
sacrificed at the 16-week time point were used to determine baseline lesion characteristics.
Plasma cholesterol levels (Figure 5B) were significantly greater in baseline mice compared
to aortic arch transplant recipient groups (baseline: 1224 + 58 mg/dL; recipients: WT: 57

+ 22, diabetic WT: 75 * 26; diabetic apoA-l Tg 166+16). HDL-C levels were elevated in the
diabetic apoA-I Tg mice compared to the WT recipient groups (Supplemental Figure 8).
Glucose levels in diabetic recipient mice were increased over 3-fold compared to controls
(Figure 5C). Consistent with our previous observations, circulating leukocyte and monocyte
levels in WT and diabetic apoA-l Tg mice were reduced, compared to diabetic WT mice
(p<0.01, Figure 5D-E).

To assess regression, atherosclerotic lesions were immunostained for macrophages using
antibodies to the marker CD68. Consistent with our previous findings (e.g., 3°), transfer of
aortic arches to WT mice resulted in the regression of the atherosclerotic lesions, indicated
by a significant reduction in the percentage of plaque area positive for CD68 (p<0.01) when
compared to baseline plaques (35.5 + 2.8% versus 11.2 + 1.5%; Figure 5F-G). Compared to
the WT group, regression was significantly impaired in the diabetic WT recipients (24.5

+ 2.6%, p<0.01). Notably, overexpression of apoA-1/HDL in diabetic mice reduced the
CD68+ content to essentially the level achieved in WT mice (13.5 + 1.6%), indicating that
raising apoA-I/HDL in the setting of diabetes promotes plaque regression, despite persistent
hyperglycemia.

In regression, changes to plague macrophage content are typically accompanied by changes
in macrophage phenotype (reviewed in 31), but this is attenuated by diabetes % 68, Recently,
we reported in mice that there is a requirement of macrophages to polarize to the M2 anti-
inflammatory state for successful plaque resolution after lipid lowering 21, Furthermore, we
and others have found that apoA-I/HDL promotes mouse and human M2 macrophage
polarization 32: 33, Thus, we hypothesized that raising apoA-1/HDL in the setting of diabetes
would promote macrophage polarization to the M2 state. To determine whether there were
phenotypic alterations to plaque macrophages in the regression groups, plaques were
immunostained for the M2 marker mannose receptor, which is commonly used in human
and mouse studies. Diabetes impaired mannose receptor macrophage expression during the
regression phase. However, overexpression of apoA-I/HDL overcame this defect (0<0.005
compared to diabetic WT, Figure 5H-I). Additionally, collagen content, considered to be a
plaque stability marker and inversely proportional to the level of matrix metalloprotease
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activity of macrophages, was greater in regressing plaques (p<0.01, Figure 5J-K). Although
transplantation of aortic arches into diabetic WT mice did not result in plague collagen
enrichment, likely because of a sustained content of M1 macrophages and persistent MMP
activity, overexpression of apoA-I/HDL significantly increased plaque collagen content
despite hyperglycemia (p<0.01).

Overexpression of apoA-I/HDL Suppresses Monocyte Infiltration into Regressing Plaques
and Another Site of Inflammation

Differences in the number of macrophages within atherosclerotic lesions can include the
following: i) changes in proliferation of macrophages, ii) altered macrophage egress, and,
iii) changes in the recruitment of circulating monocytes 31. Plagque macrophage proliferation,
quantified by Ki67 staining, was greater in baseline than regressing plaques (approx. 50%
reduction, p<0.01). However, neither diabetes nor apoA-I/HDL overexpression affected
proliferation of plagque macrophages (Figure 5L—M). Thus, we turned to the other kinetic
possibilities.

Utilizing /n vivo cell tracking techniques previously established in our lab 4 21 (Figure 6A—
B), we found that transplantation of aortic arches (in which the plaque macrophages had
been marked with EdU) into WT recipient mice led to a 75% reduction in EdU positive cells
when compared to baseline mice. This demonstrated macrophage egress during the
regression phase (p<0.001, Figure 6C), consistent with previous studies # 8. Diabetic WT
and diabetic apoA-I Tg mice had a similar reduction in EdU positive plaque cells (Figure
6C), meaning that macrophages egress from plaques to similar degrees in the recipient
groups.

To study monocyte entry into plaques, fluorescent beads that are taken up by circulating
monocytes 34 were injected intravenously, as we have done previously 4, into baseline or
transplant recipient mice prior to harvest of the aortae. Bead-bearing cells were then counted
in plaques to assess the contribution of monocyte recruitment (Figure 6D). As shown in
Figure 6E, monocyte recruitment into plaques transplanted into WT mice decreased 78%
(p<0.001) when compared to baseline plaques. Hyperglycemia in WT mice was associated
with a 3-fold increase in monocyte recruitment to plaques when compared to WT mice;
however, overexpression of apoA-I/HDL in the diabetic setting led to a striking 80%
reduction in monocyte recruitment when compared to WT diabetic control mice (p<0.002).
No differences in monocyte recruitment were observed between WT or diabetic apoA-I Tg
mice, indicating that overexpression of apoA-I/HDL in the diabetic setting restores
monocyte recruitment into plaques to the level in mice with normoglycemia.

The 80% decrease in monocyte recruitment to plaques transplanted to diabetic apoA-1 Tg
mice was much greater than we would expect based on the number of circulating monocytes,
given that overexpression of apoA-I/HDL in the setting of diabetes reduced diabetes-driven
monocytosis by 27% (Figure 2G). This suggested that apoA-1/HDL impeded an intrinsic
ability of leukocyte recruitment to sites of inflammation. To test this, WT and apoA-I Tg
mice were injected i.p. with zymosan to create a mild peritonitis 3°. Post zymosan challenge,
the inflammatory cell content of the peritoneal exudates was assessed by flow cytometry
(Figure 6F). Total leukocyte recruitment in the apoA-1/HDL overexpressing mice were
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significantly reduced (by 35%, p<0.002) when compared to WT controls, with a reduction in
total monocytes (27%, p<0.01) and neutrophils (40%, p<0.005, Figure 6G). Similarly, we
found that ex vivo treatment of monocytes and neutrophils with apoA-1 suppressed (56%
reduction, p<0.02, and 89% reduction, p<0.01, respectively) in vitrorecruitment to a
chemokine typically used in chemotaxis studies, CCL5.

ApoA-I/HDL Suppresses Diabetes-driven Neutrophil Extracellular Trap Formation

Neutrophil extracellular traps (NETS) are a key scaffold in pathologic thrombi and fuel
cardiovascular, inflammatory and thrombotic diseases in humans and mice (reviewed in 36).
Recently, neutrophils isolated from diabetic patients and mice have been shown to be primed
to produce NETSs (termed NETosis) 24. In progressing plaques, NETs have been shown to
promote plaque inflammation, and inhibition of this process suppresses both plaque size and
inflammation (reviewed in 37). To date, the role of NETs in plaque regression has not been
assessed, nor has the contribution of NETosis to diabetic plaque regression. Given the
striking impairments by apoA-I/HDL of neutrophil activation and quantity present under
diabetic conditions (Figure 3G), we sought to characterize the contribution of NETs in
regressing plaques under diabetic and control conditions, and the contribution of raising
apoA-1/HDL.

To identify NETS, plaques were co-stained for citrullinated histone, myeloperoxidase and
neutrophils (Ly6G). Triple positive areas were quantified as NETs (Figure 7A). Compared to
baseline plaques, we observed a significant decrease in plaque NETs in WT mice (83.6%
reduction, p<0.05, Figure 7B). However, consistent with studies demonstrating that the
diabetic milieu promotes NETosis, we found plaque NET content to be significantly
increased to a similar extent in diabetic WT transplant recipient mice when compared to WT
controls (p<0.01). In transplant recipient diabetic mice overexpressing apoA-I/HDL we
observed a significant reduction in plaque NET content compared to both baseline and
diabetic WT transplant recipient mice (p<0.01, and p<0.02, respectively), demonstrating that
raising apoA-1/HDL overcomes diabetes-driven neutrophil activation and neutrophil-
associated plaque inflammation. These data provide a new mechanism by which diabetes
impedes atherosclerosis regression, by promoting plaque NETosis, and a new facet of apoA-
I/HDL’s anti-inflammatory properties, which is a likely contributing factor to improving
plaque regression under diabetic conditions.

Discussion

Despite intensive lipid lowering with statin therapy, patients with diabetes remain at high-
risk for cardiovascular events (e.g., 38). One feature of patients with diabetes and metabolic
syndrome are reduced levels of HDL-C, HDL-P and apoA-I levels. Additionally, HDL
isolated from diabetic patients is consistently demonstrated to be dysfunctional (reviewed in
16y, Though the value of HDL-C as a determinant of CVD risk is under dispute, there is still
enthusiasm for raising levels of functional HDL to suppress atherosclerosis progression and
promote regression 3% 40, Qur current study, the first of its kind, aimed to test whether
raising apoA-1/HDL and improving the numbers of functional HDL in the diabetic milieu
would restore atherosclerosis regression.
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The relevance of our pre-clinical models for this investigation are supported by our finding
in multiple studies that, as in humans, diabetes in mice impairs atherosclerosis regression
even after cholesterol lowering % 6: 7. Additionally, our data show similar correlations
between glucose, white blood counts, and HDL-C levels in the mice and a clinical patient
cohort. The data presented clearly demonstrate that raising apoA-1/HDL in the setting of
hyperglycemia improves the regression of pre-existing atherosclerotic plaques. The major
consequences of elevating apoA-I/HDL were: i) attenuation of hyperglycemia-driven
leukocytosis by suppression of bone marrow progenitor proliferation via promaotion of
cholesterol efflux and suppression of RAGE-s100a8/a9 signaling; ii) reduced monocyte
recruitment to plaques; and, iii) decreased plaque content of NETS, an atherosclerosis and
inflammation-promoting structure elevated in human and murine diabetic tissues 24 36. 37,

We have reported previously that the mechanism in mice by which hyperglycemia induces
monocytosis is through BM progenitor proliferation, which in turn results in increased
recruitment of monocytes to plaques after reduction in plasma cholesterol levels 4 6 8. In our
current study we found that raising apoA-I/HDL overcame the diabetes-driven myelopoiesis
associated with enhanced cholesterol efflux from leukocyte progenitor populations (Figure
3E). The clinical relevance of these findings is implied by the negative associations in our
patient cohort of circulating neutrophil and monocyte (total and CD14*+*CD16%) levels and
HDL-C (Figure 4), with the caveat that HDL function is not always clinically correlated with
HDL-C (e.g. *1).

One downstream effect of the suppression of myelopoiesis by apoA-1/HDL is a restored
monocyte count, thereby preventing an expansion of the pool of recruitable inflammatory
cells to atherosclerotic lesions. Yvan-Charvet et a/. 18 linked cholesterol efflux-related genes
in the BM progenitors to their proliferation and subsequent production of monocytes by
showing that deficiency of Abcal and Abcgl, even in the nonhyperlipidemic setting, led to
monocytosis and leukocyte infiltration into tissues. They hypothesized that greater plasma
membrane cholesterol increased responsiveness to proliferative factors, and found that
membrane cholesterol and hematopoietic stem cell proliferation could be reduced by apoA-I
even in the absence of ABCA1 and ABCGL.

In the present study, hyperglycemia induced a decrease in Abcal and Abcgl expression in
the BM progenitors (Figure 3C-D), which, as just noted, would be expected to be a
proliferative stimulus. Elevating apoA-1/HDL did not influence progenitor Abcal and Abcgl
expression; it did, however, restore the serum efflux capacity to levels found in non-diabetic
mice (Figure 3E), and subsequently suppressed BM proliferation (Figure 3F). We attribute
the ability of apoA-I/HDL to promote cholesterol efflux to be independent of changes to
transporters, but rather due to enhanced aqueous diffusion of cholesterol 28, Such a
conclusion is consistent with the aforementioned studies in Abcal and AbcgI-deficient
mice, in which overexpression of apoA-1/HDL also suppressed leukocytosis 18.

Neutrophil-derived s100a8/a9 is an additional major contributor to monocyte and neutrophil
BM progenitor proliferation in diabetic mice 6 8 by signaling through RAGE to drive
leukocytosis. In the current study, we found that increasing apoA-1/HDL reduced s100a8/9
plasma levels (Figure 3H), as well as Rage expression in BM progenitors (Figure 31-J). The
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effect of apoA-I/HDL to decrease s100a8/9 expression likely reflects a lower level of
neutrophil activation, and given that a major regulator of RAGE expression is NFxB 29, the
attenuation of RAGE mRNA and surface expression by apoA-I/HDL is a likely consequence
of its ability to inhibit the NFxB pathway (Supplemental Figure 5B-C) 6 22, This
mechanism is likely to work in concert with apoA-I/HDL’s ability to promote cholesterol
efflux and, thus, alter signaling processes initiated in lipid rafts or by engagement of lipid
raft components to suppress hyperglycemia-mediated inflammation. This is supported by a
recent study that RAGE expression suppresses cholesterol efflux and downregulates myeloid
Abcal and Abcgl *2.

In addition to the decrease in monocyte number, we found that another contributing factor to
regression in the diabetic setting is reduced recruitment of monocytes when apoA-1/HDL is
increased,; i.e., raising apoA-I/HDL suppressed exaggerated monocyte recruitment during
the regression phase. While this is the first study to demonstrate this, it is also consistent
with the effects of apoA-1/HDL on murine and human monocyte/macrophage recruitment to
the chemoattractants in studies we recently reported 3°. The present results also resemble
those in some key aspects from our studies of diabetic mice treated with anti-miR-33 4.
Among other effects, this raised the level of HDL particles, reduced monocyte recruitment in
plaques after lipid lowering, and promoted the pro-regression/inflammation resolving

4.6, 8,21, 32,40 M2 macrophage phenotype. Thus, apoA-I/HDL increases that are
accomplished by multiple strategies may be expected to have similar efficacies.

Downstream of leukocyte progenitor production, neutrophils from diabetic mice
overexpressing apoA-I/HDL had a reduced inflammatory profile (Figure 3G), and the
plaques in these mice had reduced NET content (Figure 6). This finding is of relevance
given recent studies that demonstrate that the diabetic state can induce neutrophil NET
formation and impair wound healing. Additionally, plaque NET content has been shown to
drive atherogenesis by promoting macrophage and T cell cytokine production. Our findings
point to a previously uncharacterized role of apoA-1/HDL, namely its ability to promote
diabetic atherosclerosis regression by suppressing neutrophil NETosis. We hypothesize this
is driven by apoA-1/HDL’s ability to reduce hyperglycemia-driven neutrophil activation, and
heightened efflux of cholesterol from lipid-laden plaque macrophages leading to a reduction
in plaque cholesterol crystal content 43. Indeed, very recently Westerterp et a/. ** found
increased plaque NETosis in Abcall Abcgl deficient mice, and attributed this to endosomal
and membrane cholesterol accumulation. This provides support for our findings that raising
apoA-I/HDL in a setting of impaired ABCA1/ABCG1-mediated cholesterol efflux can
reduce plaque NETosis and thereby contribute in a novel way to resolving inflammation as
part of plaque regression.

The changes we observed in murine BM-derived progenitors may mechanistically link
diabetes to heightened CVD risk. For example, monocytosis and neutrophilia are also
prevalent in people with diabetes and correlates with their risk of CVD. We speculate that
therapies that raise functional apoA-1/HDL will be effective in that population to reduce
CVD risk through similar effects in human BM. There may also be additional benefits of
raising apoA-1/HDL in diabetes through other mechanisms, given that previous preclinical
studies have found that HDL improves insulin sensitivity and glucose tolerance, and

Circulation. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barrett et al. Page 15

promotes insulin secretion under high glucose conditions (reviewed in 19). However, by
comparing groups of diabetic mice with identical glucose levels, we have shown that
increased HDL reduces inflammation exclusive of any changes in glycemic control.

To put our work in a broader context, we note that TIDM is recognized as an autoimmune
disease, and recent clinical evidence indicates that T2DM, rather than presenting just as a
metabolic disorder, is also characterized by many autoimmune characteristics 4°. Many
autoimmune diseases, including systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA), are associated with low HDL-C plasma levels, inflammation and premature
rates of atherosclerosis 46. It is likely that there is also reduced HDL functionality, so that
raising apoA-I/HDL in individuals with these types of conditions may have the potential to
achieve cardio-beneficial effects. Previous studies have found that apoA-I injections
suppress characteristics of autoimmune diseases including lymph node enlargement, and
activation and proliferation of lymphocytes 4’.

Throughout this report, we have emphasized the functional aspect of apoA-I and HDL
because of recent insights into the limitations of HDL-C as a marker or therapeutic target in
CVD risk assessment or reduction, respectively 48 4°. It is important to note that patients
with diabetes typically have lower HDL-C levels and fewer HDL particles with reduced anti-
inflammatory functions and impaired cholesterol efflux capacity (reviewed in °0). Therefore,
based on the mechanisms we have established, we speculate that improving the level of
functional HDL will translate to reducing the high level of residual risk of CVD after
conventional treatments in patients with diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
What is New?

. Poor regression of atherosclerotic plaques after LDL-C lowering in mice with
diabetes can be overcome by raising levels of HDL particles by increasing
expression of its major protein, apoA-I.

. In the setting of diabetes, raising HDL results in reductions in the number of
circulating monocytes and neutrophils, known contributors to atherosclerotic
plaque growth and inflammation, by suppressing the hyperglycemic-enhanced
proliferation of the leukocyte bone marrow precursors.

. Raising apoA-I/HDL also dampened the inflammatory activities of
leukocytes, including reducing the amount plaque-resident neutrophil
extracellular traps (NETS), pro-inflammatory structures known to be at higher
levels in lesions of mice and humans with diabetes.

What are the Clinical Implications?

. Patients with diabetes often have low HDL particle number and/or function,
and have impaired atherosclerosis regression and have high residual risk of
CVD after aggressive LDL-C lowering therapy.

. Our results suggest that raising functional HDL in patients with diabetes may
represent an effective approach to reduce residual CVD risk given its ability
to suppress production of leukocytes and their contributions to plaque
inflammation.
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Figure 1. Hyperglycemia correlates with elevated white blood cell count and reduced HDL-C in
humans and mice with diabetes.

(A) White blood cell count and (B) HDL-C correlates with HbAlc in humans (n=146,
n=102). (C) White blood cell count and (D) HDL-C correlates with blood glucose in diabetic
mice (n=22). Pearson’s correlation coefficient (o) and p values were assessed in R. Black
triangles and lines represent observations and the fitted regression lines.
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Figure 2. Elevating HDL overcomes hyperglycemia-mediated leukocytosis.
(A) HDL and (B) human apoA-I levels are raised in apoA-I Tg mice compared to wild-type

(WT) controls (n=10). (C-D) HDL-P spectra of WT control mice and mice overexpressing
apoA-1/HDL (representative images). (E) White blood cell counts in WT, diabetic WT,
apoA-l Tg, and diabetic apoA-I Tg mice (n=8-10/grp). (F) Representative flow cytometry
plots of blood leukocyte subsets from WT, diabetic WT, apoA-I Tg, and diabetic apoA-1 Tg
mice. Red box depicts monocyte population. (G) Quantification of monocytes, and
monocyte subsets and (H) neutrophils (n=8-10/grp). Neutrophil (I) CD11b and (J) ROS in
WT, diabetic WT, apoA-1 Tg, and diabetic apoA-l Tg mice (n=8-10/grp). In panel A, data
are expressed as mean + SEM. * p<0.0001 determined by a t-test (two-tailed). Data are
expressed as mean = SEM. * p<0.01 compared to WT control group or * p<0.01 compared

to WT STZ group as determined via 2-way ANOVA and Tukey’s post-hoc test.
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Figure 3. Raising apoA-1/HDL in diabetic mice suppresses hyperglycemia-driven
myeloproliferation by promoting cholesterol efflux and suppressing neutrophil SI00A8/A9
production.

(A) Representative flow cytometry of monocyte and neutrophil precursors, common myeloid
progenitors (CMPs), and granulocyte macrophage progenitors (GMPs). (B) Quantification
of CMPs and GMPs in the bone marrow in WT, diabetic WT, apoA-I Tg, and diabetic apoA-
| Tg mice (n=7-9/grp). Abcal and Abcgl expression in (C) CMP and (D) GMP populations
within the bone marrow (n=7-9/grp). (E) Cholesterol efflux capacity of monocyte
progenitors (CMPs & GMPs) for WT, diabetic WT, apoA-I Tg and diabetic apoA-l Tg mice
(n=9 mice/grp). (F) CMP and GMP cell cycle analyses in the bone marrow in WT, diabetic
WT, apoA-Il Tg, and diabetic apoA-1 Tg mice (n=7-9/grp). (G) s1008, s100a9and rage
expression in neutrophils isolated from WT, diabetic WT, apoA-I Tg, and diabetic apoA-I
Tg mice (n=6/grp). (H) Circulating SI00A8/A9 plasma protein levels, (1) bone marrow rage
expression, (J) CMP RAGE surface expression (n=7-9/grp). Data are expressed as mean +
SEM. * p<0.01 compared to WT control group or * p<0.01 compared to WT STZ group as
determined via 2-way ANOVA and Tukey’s post-hoc test in panel (B)-(D), (F)-(J). * p<0.05
compared to the control group or ~ p<0.05 compared to the diabetic BSA group for WT and
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ApoA-I Tg mice respectively as determined via 1-way ANOVA and Tukey’s post-hoc test in
panel (E).
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Figure 4. HDL-C is negatively associated with leukocyte subsets and inflammation.
(A) Neutrophil, and (B) monocyte counts stratified by HDL-C (< 40 mg/dL n=127, >40

mg/dL n=157) and (C) CD14*CD16* monocyte populations as stratified by HDL-C (< 40
mg/dL n=24, >40 mg/dL n=28). (D) Plasma S100A9 concentration as determined via
ELISA (< 40 mg/dL n=8, >40 mg/dL n=6). Subjects are derived from the patient cohort
present in Table 1. Data are expressed as mean = SEM. * p<0.01, ** p<0.005 as determined
via Mann-Whitney U test.
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Figure 5. Raising apoA-1/HDL promotes atherosclerosis regression in diabetic mice.
(A) Atherosclerosis regression protocol. (B) Total cholesterol, (C) blood glucose, (D) white

blood cell counts (E) monocyte counts in baseline, WT, diabetic WT and diabetic apoA-I Tg
mice (n= 7-11 mice/grp). (F) Representative images and (G) quantification of plaque CD68
staining. (H) Representative images and (1) quantification of plaque mannose receptor
expression. (J) Representative images and (K) quantification of plaque collagen content. (L)
Representative images and (M) quantification of plaque Ki67 staining (n=7-11 mice/grp).
Data are expressed as mean £ SEM. *** p<0.001, ** p<0.01, * p<0.05 compared to the
baseline group as determined via 1-way ANOVA and Tukey’s post-hoc test in panels (B),
(C), (D), (E) and (M). * p<0.01, compared to the WT STZ group as determined via 1-way
ANOVA and Tukey’s post-hoc test in panels (G), (1), and (K).
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Figure 6. Increased circulating levels of apoA-1/HDL suppresses monocyte recruitment to
diabetic plagues, and to sites of inflammation.

(A) Monocyte and macrophage plaque trafficking protocol. Representative image of (B)
macrophage retention and (C) quantification in regressing atherosclerotic plaques (n=6-8
mice/grp). Representative image of (D) monocyte recruitment and (E) quantification in
regressing atherosclerotic plaques (n=6-8 mice/grp). Data are expressed as mean + SEM. *
p<0.01, compared to the baseline group as determined via 1-way ANOVA and Tukey’s
post-hoc test. (F) Representative flow cytometry plots of monocyte and neutrophil
recruitment to the peritoneal cavity following zymozan injection. (G) Quantification of
recruited leukocytes, monocytes and neutrophils to the peritoneal cavity following a
zymozan challenge in wild-type (WT) and apoA-l Tg mice (n=3-7 mice/grp). Data are
expressed as mean £ SEM. * p<0.01, compared to WT group, and * p<0.01 compared to
zymozan injected WT group as determined via 2-way ANOVA and Tukey’s post-hoc test.
(H) Monocyte and neutrophil chemotaxis to CCL5 following pre-treatment with apoA-1 (40
ug.mL). Data are expressed as mean + SEM. * p<0.01, compared to the no chemokine
control, and ” p<0.01, compared to CCL5-stimulated cells as determined via 1-way ANOVA
and Tukey’s post-hoc test.
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Figure 7. Plaque neutrophil extracellular traps are elevated in regressing plaques from diabetic
mice, and are reduced following raising apoA-1/HDL.
(A) Representative images of plaque neutrophil extracellular traps (NETS), as determined by

citrullinated histone h3 (H3C), neutrophil (Ly6G), and myeloperoxidase (MPQ) costaining.
(B) Quantification of plaque NET content (n=6-10/grp). Data are expressed as mean +
SEM. * p<0.01, compared to the baseline group as determined via 1-way ANOVA and
Tukey’s post-hoc test.
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Patient Demographics

Table 1:

Demographics

Non Diabetics Diabetics
n 148 151
Male (%) 79.7 69.5
Age (median (IQR)) 56 (48, 67) 64 (57, 75)

BMI (median (IQR))

26.8 (23.9, 30.7)

28.5(24.9,31.7)

Total Cholesterol (mg.dL) (median (IQR))  153.0 (125.0, 180.5)

137.5 (106.0, 174.3)

LDL (mg.dL) (median (IQR)) 82 (57, 112) 64 (47.3,94.3)
HDL (mg.dL) (median (IQR)) 44 (36, 51) 38 (31, 45)
Trigylcerides (mg.dL) (median (IQR)) 97.0 (70.3, 163.8) 130.0 (93.5, 238.0)
WBC count (10%/uL) (median (IQR)) 6.5(5.7,8.3) 6.9 (5.5, 8.8)
HbAZc (median (IQR)) 5.7 (5.4, 6.0) 7.2 (6.4, 8.5)
Insulin (%) 0 50.3
Hypertension (%) 58.8 88.1
Hyperlipidemia (%0) 62.8 78.8
Statin (%) 85.1 85.4
Race (%)
White 71.6 57.6
Black 9.5 18.5
Asian 8.8 7.3
Other 10.1 16.6
Ethnicity (% Hispanic) 14.2 25.8
Smoking (% current) 14.9 11.9

BMI, body mass index, HDL, high density lipoprotein, IQR, inter quartile range, WBC, white blood cell
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