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Summary & Discussion

The main goal of this thesis was to investigate two different aspects of the 2 to 4-fold
increased CVD risk in individuals with diabetes. Diabetes is an independent CVD risk
factor, even after lipid-lowering therapy and further, impairs regression of
atherosclerosis. A study by Nicholls et al in 2008 showed that lowering LDL-C to
desired levels of <80mg/dL in individuals with no diabetes promotes atherosclerosis
regression in almost 25% of them, measured as reduction in lesion size by
intravascular ultrasound (Figure 1).1 In individuals with diabetes, lowering LDL-C levels
to <80mg/dL did only promote regression in ~17% individuals. Strikingly, the number
of individuals with regression in non-diabetics with elevated plasma LDL-C and
diabetics with desired LDL-C is similar. Our lab has been able to replicate findings
consistent with these in mice, showing that diabetic mice have about 50% the
regression of non-diabetic mice.2
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Figure 1. Comparison of atherosclerosis regression with and without diabetes in
humans and mice. Human data (left) are based on the results published by Nicholls et
al.1 Mouse data (right) are based on our published study by Parathath et al.2
In this thesis, two probable causes for residual CVD risk, which are involved in high
risk populations such as patients with diabetes, have been discussed:
-

Effect of elevated plasma TG levels and low HDL (Chapters 2-4)

-

Effect of hyperglycemia-associated circulating neutrophils and NET formation
(Chapters 5 & 6)
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Triglycerides and their role in atherosclerosis
Main findings
Chapter 2 describes an inverse association of HDL characteristics, such as HDL-C,
apo-AI, HDL size and HDL-P, with pre-clinical atherosclerosis and CVD/CVE in a
human cohort. Surprisingly, CEC was not associated with atherosclerosis surrogates
or CVD/CVE. Stratifying the population in subjects with NGM and (pre)diabetes,
revealed that associations of HDL-size and HDL-P with prevalence of CVD are lost.
Chapter 3 shows that the role of LpL in macrophage polarization in vitro does not
resemble the in vivo situation. While LpL regulates lipid uptake, as well as pro- and
anti-inflammatory gene expression in macrophages in vitro, myeloid LpL deficiency in
vivo is dispensable for lipid accumulation and macrophage polarization. Global LpL
deficiency in vivo reduces lipid content in adipose tissue macrophages (ATM) and the
number of induced peritoneal macrophages. Further, global LpL deficiency does affect
the phenotype of circulating monocytes and peritoneal macrophages, but does not
affect macrophages in regressing atherosclerotic plaques. Chapter 4 reports that LpLinduced HyperTG causes reduced HDL-C and HDL-P in mice and humans, but no
dysfunctional HDL measured as CEC. Despite the reduction in HDL-C and HDL-P,
LpL-deficiency-induced HyperTG did not impair atherosclerosis regression, neither in
aortic arches, roots or BCAs, likely because HDL function (CEC) was maintained.
Discussion
The connection between low HDL-C and elevated TG with cardiovascular risk has
been shown in observational studies, but how HyperTG affects other HDL
characteristics is unknown and pre-clinical trials showing benefits of TG reduction are
scant. While there are limited experimental models linking HyperTG and
atherosclerosis, a large series of experimental studies have documented benefits of
raising HDL levels as reviewed in

3,4

. One postulated reason for these benefits is an

increase in CEC or reverse cholesterol transport (RCT).5 However, interventions in
humans that increased HDL-C levels using CETP inhibition did not show clinical
benefits6,7, indicating that an increase of HDL-C does not necessarily reflect an
increase in HDL function (CEC or RCT). In line, although CETP is considered proatherogenic due to its contribution to an atherogenic lipid phenotype, including lowering
HDL-C, CETP has also been shown to increase RCT8, which is considered anti218
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atherogenic. We showed that although inducing hCETP expression in mice lowers
HDL-C and HDL-P, the ABCA1-mediated efflux per HDL particle was increased.
Overall these effects resulted in atherosclerosis regression not being impaired
(Chapter 4). Instead of solely measuring HDL-C, focus in the field of research has
shifted to determining HDL functions. Therefore, we assessed HDLs’ considered
key-antiatherogenic function, i.e. CEC, and other characteristics such as apoA-I,
HDL-P, and HDL size (Chapter 2 & 4). As the metabolic milieu may affect various
properties of HDL, we looked into how diabetes (Chapter 2) and HyperTG alone
(Chapter 4) impact HDL. To further determine how changes in HDL affect CVD, we
associated

HDL

characteristics

with

pre-clinical

atherosclerosis

(endothelial

dysfunction; EnD) and with CVD/CVE and were the first ones to do so in (pre)diabetic
individuals (Chapter 2). Of note, we also associated HDL characteristics with another
atherosclerosis surrogate – cIMT – but due to lack of associations, likely due to
sensibility of the cIMT measurement itself, these results are not discussed here, but in
chapter 2.
The (pre)diabetic individuals of the CODAM Cohort displayed typical features of
diabetic dyslipidemia, i.e. reduced HDL-C and increased TG levels. As expected,
HDL-C was inversely associated with EnD and CVE in the total cohort and in
individuals with (pre)diabetes. Other HDL characteristics, such as apoA-I, HDL size
and HDL-P were also inversely associated, with associations of HDL size and HDL-P
being lost in individuals with (pre)diabetes, but not in healthy subjects. Notably, while
previous studies have reported HDL-P and HDL-size to decrease in diabetes9,10, we
report an increase of both. With HDL-P and size being increased in (pre)diabetics, but
lack of its association with atherosclerosis, this suggests that in individuals with NGM,
the protective effect of a certain number of HDL particles against development of
atherosclerosis is better than for that same number of HDL particles in (pre)diabetes.
To determine if observed associations of HDL characteristics with atherosclerosis and
CVE in (pre)diabetics, or the lack thereof, were dependent on TG levels, we performed
TG adjusted analyses. While all HDL characteristics were still inversely correlated with
atherosclerosis in healthy subjects after adjusting for TG, the association of HDL-C
with atherosclerosis was lost specifically in (pre)diabetic patients. This suggests that
the inverse relationship of HDL-C with atherosclerosis in (pre)diabetes is dependent
on TG thereby confirming the intimate relationship of HDL-C and TG.
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To allow a closer comparison of human data from the CODAM study with human and
mouse data from chapter 4, we stratified the CODAM cohort into TG<150mg/dL
(N=363; control) and >150mg/dL (N=167; HyperTG). Thereby, 66% of HyperTG
patients were (pre)diabetic and had Hb1Ac levels of 6 ± 0.9%. Next to reduced HDL-C,
HyperTG individuals from the CODAM Cohort also displayed decreased HDL-P, but
not change in CEC, compared to control (Figure 2). This is in line with results from
chapter 4, showing that despite reduction of HyperTG-induced HDL-C and HDL-P in
mice and human, overall CEC is not impaired. Interestingly, individuals with
(pre)diabetes have increased HDL-P, but also no change in CEC (Chapter 2). This
suggests that HDL functionality can be preserved despite changes in HDL-P number.
Thus, composition of HDL is of particular interest regarding its atheroprotective
properties. Nonetheless, if preserved CEC is the reason for not observing impaired
regression in HyperTG mice despite a reduction in HDL-C and HDL-P (Chapter 4), we
would expect to see an association of CEC with atherosclerosis and CVD/CVE in the
CODAM study (Chapter 2) as it has been shown in other studies.11-14 So far, CEC
measurements are not standardized and although we employed a well validated CEC
assay, different protocols could have led to discrepancies between studies. Another
limitation is the cross-sectional approach of our study, which hampers a direct causal
interpretation of the observed associations. A better comparison of chapter 2 and
chapter 4 would have been measuring associations of HDL-characteristics with the
change in cIMT over the study period (DcIMT) as surrogate for atherosclerosis
regression. However, as mentioned above, we did not find any significant associations
of HDL characteristics with cIMT.
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Figure 2. Comparison of HDL-P (left) and CEC (right) between Control
(TG<150mg/dL, N=363) and HyperTG (TG>150mg/dL, N=167) in the CODAM study.
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HyperTG has been shown to be associated with CVD in a number of studies and is
not in line with our results from chapter 4. However, next to CEC, HDL has other
functions as well as including antithrombotic functions.15 Interestingly, proteomic
analysis of HDL revealed an upregulation of proteins that are associated with platelet
activation, signaling and degranulation in mice and in humans (data now shown),
suggesting a role of HyperTG-reduced HDL in atherothrombosis. Current publications
have reported that acute HyperTG induces platelet hyperactivity16 and contributes to
resistance of antiplatelet therapy such as aspirin and clopidogrel.17,18 Additionally,
platelet activity was also increased by TG-rich lipoproteins from T2DM patients.19
Meta-regression analyses of 64 randomized control trials showed that TG levels were
associated with stroke risk, but not cIMT measures. However, TG lowering did only
result in a trend towards reduced stroke incidence.20 Therefore, the association of
HyperTG with increased CVD risk could be explained by loss of HDLs antithrombotic
function, but future studies are needed.
Another aspect of the atherogenic potential of HyperTG is the lipolysis of TGs. LpL
hydrolyzes TGs either at the vessel wall or within the atherosclerotic plaque, resulting
in remnants and other lipolysis products (FFA, mono- diglyceride and lysolecithin). TG
lipolysis at the vessel wall leads to atherogenic remnants that can enter the arterial
wall and deposit lipids, while lipolysis products (FFA, mono- diglyceride and
lysolecithin) can result in increased inflammation, monocyte adhesion and coagulation.
In contrast, we did not find impaired vascular regression despite vascular lipolysis
(Chapter 4). As macrophage LpL has been implicated in foam cell formation21-23, not
observing HyperTG-impaired atherosclerosis regression could also be due to
counterbalancing effects of Lpl deficiency in macrophages. Thus, macrophage LpL
deficiency could prevent lipoprotein uptake by macrophages, masking possible
atherogenic effects of HyperTG. Macrophages are the major source of LpL in
atherosclerotic plaques24 and whether LpL in atherosclerotic plaques acts pro- or
antiatherogenic is still debated. Interestingly, macrophage specific LpL knockout in
vivo reduced atherosclerosis.21,22 In vitro, macrophage LpL appears to have
atherogenic functions, because it causes accumulation of atherogenic lipoproteins and
their rapid uptake by macrophages25, which we recapitulated in chapter 3. It is
therefore feasible that LpL deficiency in macrophages overcomes the detrimental
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effects of HyperTG in LpL-deficient mice. However, whether or not LpL was present in
macrophages, we did not observe differences in atherosclerosis regression in mice
(Chapter 4). The potential antiatherogenic effects of LpL are thought to rely on the
fatty acids provided by lipolysis, which were reported to convert macrophages to a
more anti-inflammatory phenotype via peroxisome proliferator-activated receptors
(PPARs).23,26,27 We showed that LpL in vitro changes both, pro- and anti-inflammatory
markers, despite a decrease in FFA and increase in glycolysis suggestive of an
increase in pro- and decrease of anti-inflammatory markers (Chapter 3). Further,
transcriptomic profiling of macrophages in atherosclerosis regressing plaques in vivo
did not reveal differences between macrophages expressing LpL and LpL deficient
macrophages (Chapters 3 & 4).
In conclusion, in a human cohort we have shown that HDL-C, but not CEC, is
associated with atherosclerosis and CVE, also in patients with diabetes. The found
association of atherosclerosis with HDL-P is, however, no longer observed in diabetes
patients. Experimentally reducing HDL-C and HDL-P by induction of HyperTG did not
impair atherosclerosis regression, likely because CEC was unchanged. Further,
lipolysis of circulating TG-enriched lipoproteins at the vessel wall or at atherosclerotic
macrophages does not impair regression either. HDL proteins that changed with
HyperTG were associated with lipoprotein remodeling (e.g. reduced ApoA-I) and
platelet activation, signaling and degranulation. Overall, our results indicate that
HyperTG does not impair atherosclerosis regression, but might be of importance for
atherothrombosis via decreased antithrombotic functions of HDL and should be
addressed in future studies.
Neutrophils and their role in atherosclerosis
Main Findings
Chapter 5 shows that NETs lead to inflammasome activation and inflammatory
macrophages in atherosclerotic plaques. Our results illustrate that NETs can resolve
during atherosclerosis regression. In a hyperglycemic environment however, NETs
persisted

thereby

exacerbating

macrophage

inflammation

and

impairing

atherosclerosis resolution. DNase1 treatment reduced plaque NETs content and
macrophage inflammation, promoting atherosclerosis resolution after lipid-lowering in
diabetic mice. Chapter 6 describes a pilot study about the potential role of two different
222
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endonucleases – DNase1 and DNase1L3 – in atherosclerosis. The data show that
double-deficiency tends to increase NET formation compared to single-deficient mice
and control with no change in NET content during regression. Further, NET content
did not associate with atherosclerosis severity.
Discussion
The possible implication of neutrophils in the pathophysiology of CVD has long been
overshadowed by other leukocyte subtypes, such as monocytes and macrophages,
partly due to neutrophil’s short life span in the circulation of <24h in mice28 and
human29-31. However, the life span of neutrophils within different tissues as well as
under inflammatory conditions is not well defined. Therefore, the discovery of
neutrophils ability to form NETs32 and the presence of both in human33-37 and
mouse38-44 atherosclerotic plaques has sparked new interest in neutrophils. It has been
shown that inflammation can increase longevity of neutrophils, in part via regulation of
anti-apoptotic factors, such as Mcl-1.45,46 While survival of neutrophils could be
beneficial in acute inflammation, it might be detrimental in a chronic inflammatory state
due to increased NETs release as senescent neutrophils have a higher potential for
NET formation.47 NETs’ proinflammatory role and contribution to chronic inflammatory
disease has been postulated to trigger crosstalk of neutrophils with other cells.48,49
Warnatsch et al. suggested that the interaction of neutrophils and macrophages leads
to inflammasome activation in plaque macrophages and enhanced atherosclerosis
progression.38 In agreement, using transcriptomic profiling of atherosclerotic
macrophages, we prove that macrophages in a NET+ area possess indeed a
enhanced proinflammatory phenotype compared to macrophages outside of a NETs
area (Chapter 5). Since CVD as well as diabetes are associated with neutrophilia in
mice50,51 and human52 and hyperglycemia has been shown to prime neutrophils for
NET production53, diabetics are one clinical population in which NETs may be
particularly harmful in with respect to cardiovascular risk. Further, plasma NETs
markers are not only correlated with severity of CAD, but also with severity of T2DM
as judged by correlation of nucleosomes (NETosis marker) with HemoglobinA1c levels
(average blood glucose levels over a period of time) in humans.54 Studying
atherosclerosis regression in diabetic mice, we found impaired atherosclerosis
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regression (Chapter 5), as we have shown before2,55,56. Thereby, macrophage content
was positively associated with NET content (Chapter 5).
While current studies of NETs focused on atherosclerosis progression, we are the first
ones reporting on atherosclerosis regression. Our novel results showed that NETs can
spontaneously resolve in a non-hyperlipidemic environment, but not in hyperglycemic
conditions, even with non-hyperlipidemia. Thus, presence of NETs could be one
reason for the increased CVD risk in diabetic patients, even when they have desired
LDL-C levels. One way to clear NETs is treatment with DNase1, as NETs are thought
to be mainly degraded by endonucleases57 and have been reported to be cleared by
DNase1 in atherosclerosis in mice

38,58

. Given published studies and existent clinical

use of DNase1 (e.g. cystic fibrosis59), we treated mice with DNase1. As expected,
DNase1 treatment led to reduced NET content and excitingly, promoted
atherosclerosis regression despite ongoing hyperglycemia by reducing plaque
inflammation (Chapter 5). The pro-inflammatory nature of NETs are thought to
increase

monocyte

and

neutrophil

recruitment,

further

enhancing

plaque

inflammation38,60, leading to the hypothesis that DNase1 treatment lowers leukocyte
recruitment. We do find increased monocytosis (data not shown) as well as
neutrophilia in diabetic mice (Chapter 5), as previously reported by our lab.50,51 In line,
we also found increased plaque neutrophils in diabetic mice and a trend towards
decreased circulating and plaque neutrophil levels upon DNase1 treatment. This is in
agreement with a study by Wong et al. showing no difference in neutrophil recruitment
in diabetic Padi4-/- (NETs abrogated) mice compared to diabetic WT mice53, but in
contrast to other studies showing that plaque neutrophil content is reduced upon the
ablation of the inflammasome39 or NETs abrogation38. Notably, not all neutrophils
detected in plaques do undergo NETosis, which has been shown before in other in
vitro and in vivo studies.61 Thus, our results indicate that activation of neutrophils rather
than neutrophil levels per se are of relevance for NET formation and its effect on plaque
composition.
We have seen that restoring normal circulating cholesterol levels after a period of
elevated cholesterol levels, led to spontaneous resolution of NETs without additional
DNase1

treatment

(Chapter

5),

indicating

that

physiological

amounts

of

endonucleases are sufficient for NETs clearance in healthy conditions. Therefore, we
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were interested to know if DNase1-/- mice have higher NET content in atherosclerotic
plaques and if atherosclerosis progression was worse or atherosclerosis regression
impaired with DNase1 deficiency. Since it has been shown before that serum from
DNase1 KO mice show some residual KO activity that displayed characteristics of
DNase1L362, we decided to include DNase1L3 deficient and double-deficient mice. We
found that double-deficient mice showed a trend towards increased NET content,
which is in line with a study by Jimenez-Alcazar et al., showing that especially the
double-deficient mice have more NETs than single-deficient mice leading to occlusion
of vascular vessels.63 In contrast to our previous results (Chapter 5), the trend towards
increased NET content in double-deficient mice did not result in changes in
atherosclerosis progression or regression and further, NETs content did not decrease
with regression (Chapter 6). However, we did not observe significant differences in
NET content between groups. Further, NET content in progressing mice on WT
background was about 4-fold lower compared to NET content we observed in the
LDLR-deficient mice and is likely due to circulating plasma cholesterol levels. In our
study in chapter 5 using Ldlr-/- fed a WD, we reached cholesterol levels of
~1000mg/dL. In our study in chapter 6, we switched from Ldlr-/- to WT mice injected
with PCSK9 fed a WD to avoid crossbreeding of DNaseKO mice onto Ldlr-/background. However, WT mice injected with PCSK9 only reached levels of about
~60% from those of Ldlr-/- mice. We did observe higher cholesterol levels
(~1200mg/dL) using PCSK9 before64 and the rather low cholesterol levels could be the
results of a change in animal facility and staff. In line with lower cholesterol levels, we
also observed lower atherosclerotic plaque sizes. Hence, low NET content could be
due to lack of stimulus. If NET formation requires these high levels of cholesterol and
can resolve spontaneously by lowering cholesterol levels, clinical relevance of NETs
in hyperlipidemia is questionable, since patients with cholesterol levels of >200mg/dL
are already put on lipid-lowering therapy. However, NETs do not resolve under
hyperglycemic conditions, not even after lipid-lowering. Hence, population to benefit
from DNase1 treatment are patients suffering from diabetes, especially those with not
well-controlled blood glucose levels. Clinical use of DNase1 (Pulmozyme®) has been
approved by the FDA (Federal Drug Administration) in 1993 and since then is on the
market in >65 countries with no signs of major toxicity or detrimental long-term effects.
Pulmozyme® has been shown to be effective in treatment of cystic fibrosis by
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increasing lung function and reducing exacerbation of cystic fibrosis. This beneficial
effect has been proposed to be partly due to NETs degradation by DNase1.65 Thus,
DNase1 treatment to lower plaque inflammation and to induce atherosclerosis
resolution would be a novel therapeutic approach to overcome increased CVD risk in
diabetic patients. We (Chapter 5) and others38,53,58 have shown that NETs degradation
via DNase1 is beneficial in the context of CVD in mice. Notably, there is one
contradictory study showing no effect of DNase1 treatment on atherosclerosis

66

,

including the thought that DNase1 has little effect on other NET components, such as
neutrophil elastase, that might continue to cause inflammation at the vessel wall.67
NETs from isolated human neutrophils can also be degraded by DNase1.68
Interestingly, it has been shown that an increase in circulating NETs is
counterbalanced by an increase in DNase activity in healthy individuals.69 Further,
mutations in DNAse1 gene has been associated with disease states such as
myocardial infarction70 or SLE71,72. Thus, DNase1 activity might be impaired in
individuals suffering from diabetes. In contrast, one study shows that DNase1 activity
is actually increased in diabetes73 and further research is needed for clarification.
So far, there are no reports on CVD risk in individuals treated with Pulmozyme®,
however whether DNase1 reaches atherosclerotic plaques by delivery via a nebulizer
is questionable. DNase1 administration in current mouse atherosclerosis studies is
done via intraperitoneal injections, but in humans this may compromise
immunoprotective functions of NETs e.g. antimicrobial activity. A better way to
administrate DNase1 might be DNase1-coated nanoparticles, which were shown to
reduce size of lung metastases in mice74, but this way of administration needs further
exploration in atherosclerosis. Although evidence for the detrimental effects of NETs
in several diseases such as diabetes and atherosclerosis is raising, current research
is still in its infancies. Further research is needed to deepen the knowledge about NETs
in CVD and the exact mechanisms of DNase1 treatment to translate those findings into
a novel therapy strategy.
Future Directions
Several questions have been raised by the results of this thesis and need to be
addressed in future studies.
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The effect modifications by the insulin resistant state in the CODAM study are highly
interesting and are worth to further investigate in a larger cohort with sufficient power
for more extensive subgroup analyses.
Interestingly, HDL proteomics revealed increased platelet associated markers
on TG-enriched HDL and future experiments should focus on the role of HyperTG in
thrombosis. Therefore, platelet aggregation assays using platelet-rich plasma of
HyperTG patients and LpL deficient patients should be tested against control plasma
to see if published results of HyperTG inducing platelet hyperactivity can be replicated.
If that is the case, aggregation assays should be repeated using incubation of isolated
HDL from healthy and HyperTG (LpL deficient) subjects. To determine the effect on
atherothrombosis, experimental studies should be performed using a mouse model of
thrombosis such as ligation of the inferior vena cava.75 Aggregation assays should also
be done using platelet-rich plasma from LpL deficient and control mice and further,
flow cytometry assays using platelet markers (e.g. P-selectin, JON/A) can give
additional insights on platelet activation.
Our novel results showed the therapeutic potential of NET reduction in individuals with
diabetes, especially in those whose diabetes is not well controlled. Future studies
should focus on understanding the mechanisms by which DNase1 leads to improved
atherosclerosis regression in a hyperglycemic condition. We have shown that DNase1
treatment reduced inflammation in atherosclerotic plaques, thereby improving
atherosclerosis regression. Additional inflammatory markers in the circulation are of
interest. Since we were not able to detect IL1b in the circulation using ELISA and CBA
assays, other markers, such as IL-17, IL-18, IL-6, can be tested. Decreased
inflammation and improved atherosclerosis regression also lead to the hypothesis that
fewer monocytes were recruited, macrophage retention is improved and/or
proliferation is reduced. To test this, monocyte and macrophage trafficking studies
should be performed. Preliminary results showed reduced circulating Ly6Chigh
monocytes with DNase1 treatment, but no differences in monocyte trafficking (data not
shown) and completed study results need to be waited for to draw final conclusions.
Another aspect to consider is the possible effect of hypercholesterolemia and/or
hyperglycemia on DNase1 activity. NETs have been shown to be involved in the
pathogenesis of systemic lupus erythematosus (SLE)68, partly due to reduced DNase1
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activity71,76. This raises the question if hypercholesterolemia/hyperglycemia may have
similar effects, hence the increased NET formation and inflammation. In contrast, one
study reported increased DNase1 activity in serum of individuals with diabetes and of
STZ-injected rats.73 For clarification, DNase activity of hypercholesterolemic and
hyperglycemic mice should be compared to control and DNase1 treated mice.
As physiological amounts of endonucleases are sufficient in clearing NETs and
results of DNase deficient mouse models were modest under hypercholesterolemic
conditions, future studies should focus on hyperglycemia. Given that we see positive
effects on DNase1 treatment in diabetic mice and increased NET formation with the
double-deficient mouse model, the impact of double-deficient diabetic mice on
atherosclerosis is of interest.
Main conclusion & clinical recommendation
HyperTG and hyperglycemia have similar effects on HDL, but while HyperTG alone
did not impair regression, hyperglycemia does. We observed reduced HDL-C
(HyperTG and (pre)diabetics) and HDL-P (HyperTG only), but no differences in CEC
(HyperTG and (pre)diabetes) in mice and humans. Experimental studies showed no
impairment of atherosclerosis regression with HyperTG, but with hyperglycemia.
Thereby, circulating neutrophil levels were increased along with NET content in
atherosclerotic plaques and macrophage inflammation. Of note, we did not observe
NETs in HyperTG mice (data not shown). Excitingly, clearing NETs using DNase1
lowers plaque inflammation and can overcome diabetes-impaired regression, despite
ongoing hyperglycemia.
These results suggest that treating hyperglycemia-associated inflammation is
prominent over treating HyperTG in the residual CVD risk in individuals with diabetes.
Future studies should focus on establishing the mechanisms of DNase1 treatment and
on evaluating the possible effect of HyperTG on other HDL characteristics such as its
antithrombotic function.
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