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Disruption of COMMD1 accelerates
diabetic atherosclerosis by promoting
glycolysis
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Abstract

Aims: Diabetes will lead to serious complications, of which atherosclerosis is the most dangerous. This study aimed to
explore the mechanisms of diabetic atherosclerosis.
Methods: ApoE�/�mice were fed with an high-fat diet diet and injected with streptozotocin to establish an in vivo diabetic
atherosclerotic model. RAW 264.7 cells were treated with oxidized low-density lipoprotein particles (ox-LDL) and high
glucose to produce an in vitro diabetic atherosclerotic model.
Results: In this study, we showed that diabetes promoted the progression of atherosclerosis in ApoE�/�mice and that high
glucose potentiates macrophage proinflammatory activation and foam cell formation. Mechanistically, Copper metabolism
MURR1 domain-containing 1(COMMD1) deficiency increased proinflammatory activation and foam cell formation,
characterized by increased glycolysis, and then accelerated the process of atherosclerosis. Furthermore, 2-Deoxy-D-
glucose (2-DG) reversed this effect.
Conclusion: Taken together, we provided evidence that the lack of COMMD1 accelerates diabetic atherosclerosis via
mediating the metabolic reprogramming of macrophages. Our study provides evidence of a protective role for
COMMD1 and establishes COMMD1 as a potential therapeutic strategy in patients with diabetic atherosclerosis.
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Introduction

Diabetes is associated with severe atherosclerosis, and
increases the risk of atherosclerosis and the subsequent
occurrence of coronary artery disease, stroke, and so on.1,2

Atherosclerosis is a chronic inflammatory disease in-
volving lipid deposition in the vascular wall and the for-
mation of discrete or sheeted atherosclerotic plaques,
resulting in the narrowing of the arterial lumen, followed
by plaque rupture and hemorrhage, thrombosis.3,4 Mac-
rophages play a central role in the initiation and progression
of atherosclerosis.5 Recent studies have shown that mac-
rophages accumulate in atherosclerotic lesions, secrete a
large number of pro-inflammatory cytokines, and promote
the further evolution of atherosclerosis.6,7 Furthermore,

hyperglycemia-induced trained immunity in macrophages
may promote the development of atherosclerosis via
glycolysis.8

Alterations in energy metabolism have been impli-
cated in atherosclerosis.9,10 The fluorodeoxyglucose
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positron emission tomography analysis found that local
glucose uptake in human and mouse atherosclerotic
plaques increased, oxygen consumption also increased,
and lactate production increased, but ATP production was
low, indicating that glucose fails to generate ATP through
the tricarboxylic acid cycle.11,12 Inhibiting the glycolysis
of macrophages for energy supply and promoting oxi-
dative phosphorylation for energy supply can not only
inhibit the expression of inflammatory cytokines but also
inhibit the adhesion of monocytes and endothelial cells,
which reduces the migration of monocytes to the arterial
intima and extenuate the formation of atherosclerotic
lesions.13 These observations indicate that cellular en-
ergy metabolic regulation is at the center of atheroscle-
rosis, but the precise regulatory mechanisms remain
largely uncertain.

Copper metabolism MURR1 domain-containing
1(COMMD1) is a hypoxia-sensitive 190-amino acid pro-
tein involved in diverse cellular functions such as copper
homeostasis, cholesterol homeostasis, ion transport, tran-
scriptional regulation, and oxidative stress.14–17 Recent
studies have shown that COMMD1 can reduce athero-
sclerotic lesions by regulating cholesterol homeostasis and
low-density lipoprotein receptor membrane expression by
stabilizing the CCC complex(COMMD–CCDC22 [coiled-
coil domain containing 22]–CCDC93 [coiled-coil domain
containing 93].18 However, the role of COMMD1 in
atherosclerosis and glycolysis has rarely been reported.

In this study, we showed that diabetes promoted the
development of atherosclerosis in ApoE�/� mice, mainly
due to increased proinflammatory activation. Moreover,
COMMD1 regulates the production of pro-inflammatory
cytokines and foam cell formation via glycolysis. Fur-
thermore, the intervention of 2-Deoxy-D-glucose (2-DG)
alleviated diabetic atherosclerosis. Thus, our findings
provide new insights into the atheroprotective effect of
COMMD1.

Methods

Antibodies and reagents

Anti-COMMD1 antibody (Bioss, bs-8034R), anti-HK2
antibody (proteintech, 22,029-1-AP), anti-PFKFB3 anti-
body (proteintech, 13,763-1-AP), anti-β-actin antibody
(proteintech, 20,536-1-AP), anti-TNF-α antibody (abcam,
ab183218) were used in this study.

Reagents: 2-DG (MCE, HY-13,966, china), Oil Red O
solution (Solarbio, G1260, China), STZ (Sigma, S0130,
USA). AAV-shCOMMD1 (Jikai, Shanghai, China), Si-
COMMD1 (Hema Biotechnology, Huzhou, China), Lip-
ofectamine 8000 (Beyotime Biotechnology, Shanghai,
China).

Animal procedures

ApoE�/� mice were purchased from Cavens Laboratory
Animal Co., Ltd. (China) (SCXK(sun)-0010) and raised by
the laboratory animal center of Jiangsu university. All
animal experiments in this study were conducted in
compliance with the recommendations of the Guide for the
Care and Use of Laboratory Animals of the National In-
stitutes of Health and approved by the Institutional Animal
Care and Use Committee of Jiangsu University, China.

ApoE�/� male mice aged 6 weeks were randomly di-
vided into five groups as follows: HFD group (high fat diet)
(n = 3), DM group (high fat diet + STZ) (n = 3), AAV-
shscramble group (high fat diet + STZ + AAV-shscramble)
(n = 3), AAV-shCOMMD1 group (high fat diet + STZ +
AAV-shCOMMD1) (n = 3), and AAV-shCOMMD1+2-DG
group (high fat diet + STZ + AAV-shCOMMD1+ 2-DG)
(n = 3).

STZ-induced diabetic atherosclerosis model. ApoE�/�

male mice aged 6 weeks were intraperitoneally injected
with streptozotocin (STZ) (40 mg/kg/d) or citrate buffer for
five consecutive days and fed a 45% high-fat diet (HFD).
After 2 weeks post-final STZ injection, mice with blood
glucose levels >300 mg/dL were included in DM
group. After 24 weeks, mice were euthanized for subse-
quent experiments.

Knockdown of COMMD1 in diabetic atherosclerosis
mice. AAV-shCOMMD1 was generated using the pAAV-
U6-shRNA-CMV bGlobin-eGFP-3Flag (GV390) adeno-
associated virus vector and the shRNA sequence targeting
COMMD1 was as follows: gaTGAAGTTAAAGTCAAG
CAA. In addition, the shRNA sequence targeting scramble
was as following: CGCTGAGTACTTCGAAATGTC.
DNAse-resistant particles of adeno-associated viral (AAV)
vectors consisting of AAV-shscramble or AAV-
shCOMMD1 were injected intravenously once into mice
at the optimized dose of 1011 PFU. After 24 weeks, mice
were euthanized for subsequent experiments.

2-DG in diabetic atherosclerosis mice. The mice were
intraperitoneally injected with 2-Deoxy-D-glucose(2-DG)
(3 mmol/kg/d) in the morning for 5 weeks. After 24 weeks,
mice were euthanized for subsequent experiments.

Cell culture

Primary Peritoneal macrophages were isolated from the
ApoE�/� mice. Briefly, ApoE�/� mice were injected in-
traperitoneally with 1 mL of autoclaved 4% thioglycollate.
After 4 days, the peritoneal lavage fluid was aspirated with
a sterile syringe and centrifuged. Finally, the cells are
seeded on culture plates, and cultured with RPMI 1640
(Gbico) supplemented with 15% fetal bovine serum (FBS,
Gbico) and 1% penicillin and streptomycin in a cell culture
incubator.
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RAW 264.7 cells were treated with oxidized low-
density lipoprotein particles (ox-LDL) and high glucose
to produce an in vitromodel of diabetic atherosclerosis and
cultured in a cell culture incubator at 37°C and 5% CO2.

siRNA-mediated knockdown

Three independent sets of siRNAs against COMMD1 were
synthesized by Hema Biotechnology. The sequences of the
COMMD1 siRNAs were as following: COMMD1-
siRNA1 sense: 50-CGUUGUUGUUGUUGUUGUUGU-
30, antisense: 50-AACAACAACAACAACAACGAA-30;
COMMD1-siRNA2 sense: 50-GGAAAUAGUUGUACU
GUAACU-30, antisense: 50-UUACAGUACAACUAU
UUCCUG-30; COMMD1-siRNA3 sense: 50-GGACAU
UGUUAUUACCUAAAU-30, antisense: 50-UUAGGU
AAUAACAAUGUCCAG-30. RAW 264.7 cells trans-
fected with the indicated siRNAs after they reached 75%
confluency by using Lipofectamine 8000 according to the
manufacturer’s protocol. The efficiency of siRNA trans-
fection was assessed by western blotting.

H&E staining and Masson staining

Paraffin sections were deparaffinized and rehydrated. The
steps of H&E staining were followed by the hematoxylin-
eosin (H&E) staining kit (Solarbio, China). For Masson
staining, Steps were performed according to the Masson
trichrome staining Kit (Solarbio. China). Finally, the
sections were observed and photographed under a light
microscope (Olympus, Japan).

Oil red O staining

Aortas were fixed in 4% paraformaldehyde for over 24 h and
washed 3 times in PBS. Then, the aortas were stained for
60 min in Oil Red O working solution (3 parts Oil Red O
stock solution: two parts distilled water) and differentiated
by 75% alcohol. Finally, the aortas were photographed.

Peritoneal macrophages and RAW264.7 cells were fixed
in 4% paraformaldehyde for 20 min and washed 3 times in
PBS. Then, the sections were stained for 15 s in an iso-
propanol working solution (3 parts isopropanol solution:
two parts distilled water) and stained for 30 min in an oil
red O working solution. Finally, the sections were pho-
tographed under a light microscope.

Western blotting

The protein samples of RAW 264.7 cells were extracted by
RIPA lysis buffer containing protease and phosphatase inhibitor
cocktail. Protein samples were separated by SDS-PAGE and
then transferred onto PVDF membranes. Primary antibodies
were used to incubate overnight, and secondary antibodies

were used to incubate for 1 h. Finally, the bands were detected
by a gel imaging system (Amersham Imager 600) by using
ECL detection reagents (Bio-Rad, Hercules, CA, USA).

Semi-quantitative RT-PCR analysis

Total RNA was extracted using MolPure® TRIeasy Plus
Total RNA Kit (Yishan, China) and reverse transcribed into
cDNA. Real-time PCR was performed using primers for
mouse TNF-α, IL-6, IL-1β, and GAPDH (Sangon Biotech,
China). RNA primer sequences were: TNF-α:50-
GTCTCAGCCTCTTCTCATTC-30 and 50-CATAGAACT
GATGAGAGGGA-30; IL-6:50-GAGTCCTTCAGAGA-
GATACAG-30 and 50-CTGTGACTCCAGCTTATCTG-30;
IL-1β: 50-AAATACCTGTGGCCTTGGGC-30 and 50-CTT
GGGATCCACACTCTCCAG-30; GAPDH:50-AAGTT-
CAACGGCA-CAGTCAA-30 and 50-TACTCAGCACCA
GCAT-CACC-30. PCR amplification was carried out at 94°C
for 1 min, followed by 33 cycles at 94°C for 30 s, 63°C for
30 s, 72°C for 1 min, and a final extension at 72°C for 7 min.

Statistical analysis

Values were expressed as mean ± SEM. Two groups were
compared using the Unpaired two-tailed Student’s t-test,
and Multiple groups were compared using ANOVA with
Bonferroni post-hoc test by Graphpad Prism 7.0 software.
p < 0.05 represents statistically significant.

Results

Diabetes accelerates atherosclerosis in ApoE�/�

mice

To identify the role of diabetes in the development of
atherosclerotic plaque, we established the diabetic ath-
erosclerotic model as described before (Figure 1(a)).
During 24 weeks of HFD feeding, the animals gained
weight (Figure 1(b)). Diabetic ApoE�/� mice had elevated
blood glucose (Figure 1(c)). Oil Red O staining of the
aortas revealed that the level of lipid accumulation in the
whole aorta of DM group was increased relative to that of
HFD group (Figure 1(d)). Furthermore, H&E staining
demonstrated that the atherosclerotic lesion area was in-
creased in DM group (Figure 1(e) and (f)). Moreover,
collagen content is related to plaque stability.19,20 Previous
studies have shown that collagen content in plaques de-
creases, and the thinner the fibrous cap, the easier the
plaque ruptures.21 Notably, Masson staining revealed that
the collagen content of atherosclerosis lesions in DM group
was reduced compared to that in HFD group, suggesting
that the plaque in DM group may be unstable (Figure 1(e)
and (g)). These results indicate that diabetes accelerates the
process of atherosclerosis.
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High glucose potentiates macrophage
proinflammatory activation and foam cell formation

To evaluate the effect of high glucose on macrophage function,
we isolated Peritoneal macrophages from ApoE�/� mice
(Figure 2(a)). Macrophages in DM group showed more lipid
uptake and accumulation compared to that in the HFD group
(Figure 2(b) and (c)). A similar trend was observed in RAW
264.7 with 20 mM glucose group compared to the 5 mM
glucose group (Figure 2(d) and (e)). Atherosclerosis is a
chronic inflammatory process of the vessel wall, which is
regulated by macrophages.22,23 RAW 264.7 with 20 mM
glucose had increased expression of pro-inflammatory genes,
such as tumor necrosis factor-α (TNF-α), interleukin 6 (IL-6),
and interleukin 1β (IL-1β), compared to those from 5 mM
glucose group (Figure 2(f)–(h)). These findings suggest that
high glucose might potentiate macrophage proinflammatory
activation and foam cell formation.

COMMD1 deficiency accelerates the development
of diabetic atherosclerosis

To further explore the role of COMMD1 in diabetic athero-
sclerosis, we constructed COMMD1-knockdown diabetic
ApoE�/� mice (Figure 3(a)). Western blotting confirmed that
the infection efficiency of AAV-shCOMMD1 was approxi-
mately 75–85% (Figure S1(a), (b)). The difference in body

weight and blood glucose have no statistically significant in
AAV-shscramble group and AAV-shCOMMD1 group
(Figure 3(b) and (c)). Oil Red O staining of aortas revealed that
the level of lipid accumulation in the whole aorta of AAV-
shCOMMD1 group was increased relative to that of AAV-
shscramble group (Figure 3(d)). Furthermore, H&E staining
demonstrated that the atherosclerotic lesion area was
increased in AAV-shCOMMD1 group. Masson staining
revealed that the collagen content of atherosclerosis lesion
in AAV-shCOMMD1 group was reduced compared to that
in AAV-shscramble group (Figure 3(e)–(g)). These results
indicate that the lack of COMMD1 accelerates the de-
velopment of diabetic atherosclerosis.

Macrophage COMMD1 deficiency
promotes glycolysis

To investigate the functional role ofmacrophageCOMMD1 in
proinflammatory activation and foam cell formation, RAW
264.7 was transfected with small interfering RNA (siRNA)
targeting COMMD1. We tested three different siRNA, of
which we selected the one with the strongest knockdown
efficiency evident at the protein level (Figure S1(c), (d)). Oil
Red O staining showed that RAW264.7 with siRNA-mediated
COMMD1 knockdown showed an increase in the levels of
lipid uptake and accumulation compared with that of ox-LDL

Figure 1. Diabetes accelerates the development of atherosclerosis in ApoE�/� mice. (a) ApoE�/� mice were fed an HFD diet and
treated with STZ for 5 days to establish a diabetic atherosclerotic model. (b) Body weight (g) (n = 3), (c) Blood glucose (mmol/L) (n = 3).
Results are expressed as mean ± SEM (d) Oil Red O staining of aortas from ApoE�/�mice fed an HFD for 24 weeks (n = 3). Data represent
the percentage of plaque area/total vessel area. Unpaired two-tailed Student’s t-test (n = 3). (e) H&E staining (the first row) and Masson
staining (the second row) of representative aortic root sections (n = 3). Scale bar, 50 μm. (f) Quantitative analysis of the lesion area.
Unpaired two-tailed Student’s t-test. (g) Quantitative analysis of plaque collagen area. Unpaired two-tailed Student’s t-test.
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Figure 2. High glucose induces macrophage proinflammatory activation and foam cell formation. (a) Peritoneal macrophages were
isolated fromApoE�/�mice. (b–c) Oil RedO staining of Peritoneal macrophages incubated with ox-LDL (50 μg/mL) for 24 h. Scale bar,
20 μm. (d–e) Oil Red O staining of RAW264.7 cultured with 5 mM glucose or 20 mM glucose and incubated with or without ox-LDL for
a further 24 h. Scale bar, 20 μm. (f) Quantitative polymerase chain reaction was performed to detect the mRNA levels of TNF-α. Two-
way ANOVA with Bonferroni post-hoc test (n = 3). (g) Quantitative polymerase chain reaction was performed to detect the mRNA
levels of IL-6. Two-way ANOVA with Bonferroni post-hoc test (n = 3). (h) Quantitative polymerase chain reaction was performed to
detect the mRNA levels of IL-1β. Two-way ANOVA with Bonferroni post-hoc test (n = 3).

Figure 3. COMMD1 deficiency accelerates the development of atherosclerosis. (a) ApoE�/� mice were fed an HFD diet and treated
with AAV-shscramble or AAV-shCOMMD1 for 24 weeks (b) Body weight (g) (n = 3), (c) Blood glucose (mmol/L) (n = 3). Unpaired
two-tailed Student’s t-test. (d) Oil Red O staining of aortas from ApoE�/� mice (n = 3). Data represent the percentage of plaque area/
total vessel area. Unpaired two-tailed Student’s t-test. (e) H&E staining (the first row) and Masson staining (the second row) of
representative aortic root sections (n = 3). Scale bar, 50 μm. (f) Quantitative analysis of the lesion area. Unpaired two-tailed Student’s
t-test. (g) Quantitative analysis of plaque collagen area. Unpaired two-tailed Student’s t-test.
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group (Figure 4(a) and (b)). These results suggest that
COMMD1 is involved in the control of foam cell for-
mation. In addition, RAW 264.7 with siRNA-mediated
COMMD1 knockdown had increased expression of
proinflammatory cytokines (TNF-α) compared to that ox-
LDL group (Figure 4(c) and (d)).

We then investigated whether COMMD1 affects Cell
metabolism. We detected the expression of several
glycolytic genes, including Hexokinase 2 (HK2), 6-
phosphofructo-2-kinase 3 (PFKFB3). We observed
that the expression of the glycolytic proteins, including
HK2 and PFKFB3, was increased upon RAW264.7 with
siRNA-mediated COMMD1 knockdown (Figure 4(c), (e)
and(f)). Meanwhile, we observed that glucose consump-
tion, lactate production, and lactate dehydrogenase production
of RAW264.7 with siRNA-mediated COMMD1 knockdown
were significantly increased (Figure 4(g)-(i)). These obser-
vations indicate that COMMD1 influences glycolysis under
diabetic atherosclerosis conditions.

2-DG decreases COMMD1 deficiency-promoted
diabetic atherosclerosis in ApoE�/�mice and
Macrophages

To examine if the glycolysis has a promoting effect in
COMMD1 deficiency-promoted atherosclerosis in vivo and

in vitro, 2-DG, which is a glycolysis inhibitor,24 was utilized.
Oil Red O staining of aortas revealed that the level of lipid
accumulation in the whole aorta of AAV-shCOMMD1+2-DG
group was reduced relative to that of AAV-shCOMMD1 group
(Figure 5(a)). Furthermore, HE staining and Masson staining
also revealed that 2-DG treatment attenuated the development
of the atherosclerotic lesion (Figure 5(b)–(d)).

Then,we sought to determinewhetherCOMMD1modulates
glycolysis to mediate proinflammatory activation and
foam cell formation in macrophages. RAW 264.7 was
intervened with 2-DG. Oil Red O staining showed that the
levels of lipid uptake and accumulation in siCOMMD1
+ 2-DG group was reduced compared with that of
siCOMMD1 group (Figure 5(e) and (f)). In addition, the
expression of proinflammatory cytokines (TNF-α) and
glycolytic proteins (HK2, PFKFB3) was decreased in
siCOMMD1 + 2-DG group (Figure 5(g)–(j)). Moreover,
we observed that glucose consumption, lactate production,
and lactate dehydrogenase production of RAW264.7 were
significantly decreased in siCOMMD1 + 2-DG group
(Figure 5(k)–(m)).

Discussion

In the present study, we identified a novel and unexpected
role of COMMD1 in diabetic atherosclerosis and attained

Figure 4. Macrophage COMMD1 deficiency promotes proinflammatory activation and glycolysis. RAW264.7 cells were transfected
with siCOMMD1 for 48 h, and incubated with ox-LDL for a further 24 h in the presence of 20 mM glucose. (a–b) Oil Red O staining of
RAW264.7 cells. Scale bar, 20 μm (n = 3). (c) Western blot analysis of TNF-α, PFKFB3, HK2, and β-actin expression at the protein level
in RAW264.7. (d) Quantification of expression of inflammatory cytokines (TNF-α). Two-way ANOVA with Bonferroni post-hoc test
(n = 3). (e) Quantification of expression of PFKFB3. Two-way ANOVA with Bonferroni post-hoc test (n = 3). (f) Quantification of
expression of HK2. Two-way ANOVA with Bonferroni post-hoc test (n = 3). (g) Glucose consumption in RAW264.7. Two-way
ANOVA with Bonferroni post-hoc test (n = 3). (h) Lactate production in RAW264.7. Two-way ANOVA with Bonferroni post-hoc test
(n = 3). (i) lactate dehydrogenase production in RAW264.7. Two-way ANOVA with Bonferroni post-hoc test (n = 3).
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Figure 5. Inhibition of glycolysis reduces COMMD1 deficiency-promoted atherosclerosis. (a) Oil Red O staining of aortas from
glycolysis inhibitor administrated ApoE�/� mice in the presence of AAV-shCOMMD1 fed HFD for 24 weeks (n = 3). Data represent
the percentage of plaque area/total vessel area. Unpaired two-tailed Student’s t-test. (b) H&E staining (the first row) and Masson staining
(the second row) of representative aortic root sections (n = 3). Scale bar, 50 μm. (c) Quantitative analysis of the lesion area. Unpaired
two-tailed Student’s t-test. (d) Quantitative analysis of plaque collagen area. Unpaired two-tailed Student’s t-test. (e–f) Oil Red O
staining of RAW264.7 cells incubated with 2-DG for 0.5 h, and transfected with siCOMMD1 for 48 h in the presence of 20 mM glucose
and ox-LDL. (g) Western blot analysis of TNF-α, PFKFB3, HK2, and β-actin expression at the protein level in RAW264.7.
(h) Quantification of expression of inflammatory cytokines (TNF-α). Two-way ANOVA with Bonferroni post-hoc test (n = 3).
(i) Quantification of expression of PFKFB3. Two-way ANOVA with Bonferroni post-hoc test (n = 3). (j) Quantification of expression of
HK2. Two-way ANOVA with Bonferroni post-hoc test (n = 3). (k) Glucose consumption in RAW264.7. Two-way ANOVA with
Bonferroni post-hoc test (n = 3). (l) Lactate production in RAW264.7. Two-way ANOVA with Bonferroni post-hoc test (n = 3).
(m) lactate dehydrogenase production in RAW264.7. Two-way ANOVA with Bonferroni post-hoc test (n = 3).
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several interesting findings. First, high glucose promotes
macrophage proinflammatory activation and diabetes ac-
celerate atherosclerosis. Second, COMMD1-deficient
macrophages were found to enhance inflammation and
foam cell formation in response to ox-LDL, and thus,
exacerbated atherosclerosis. Third, COMMD1-deficient
macrophages increase glycolytic activity, and 2-DG not
only reversed the increase in glycolytic activity but also
weakened the progression of atherosclerosis. These find-
ings provide novel evidence for the supposition that
COMMD1 is a possible therapeutic target for diabetic
atherosclerosis intervention.

Atherosclerosis is tightly associated with chronic inflam-
mation and excessive uptake of intracellular lipids.25,26 The
mechanism of atherosclerosis is that inflammatorymacrophages
engulf ox-LDL and subsequently form foam cells.27 Among the
known pathological mechanisms connecting diabetes and
atherosclerosis is inflammation.28,29 This is consistent with our
finding that high glucose caused by diabetes potentiates mac-
rophage proinflammatory activation and foam cell formation.
COMMD1 has a role in NF-κB signaling, which is related to
inflammation.30,31 We showed that COMMD1 deficiency
promoted inflammation and accelerated the development of
diabetic atherosclerosis.

Recent studies have indicated that monocytes and macro-
phages metabolic and functional reprogramming plays a piv-
otal role in the development of atherosclerosis.32 However, the
role and mechanism of macrophage metabolic reprogramming
in diabetic atherosclerosis is not clear. In this study, COMMD1-
deficient macrophages induced profound glycolytic activation
and promoted inflammation, ultimately accelerating the process
of diabetic atherosclerosis. Macrophage has two phenotypes
traditionally including proinflammatory M1 macrophages and
anti-inflammatory M2 macrophages, which are shaped largely
by energy requirements.33,34 The possible reasons for the above
result under diabetic atherosclerotic conditions may be ex-
plained by glycolysis serving as a metabolic adaptation in
concert with a proportional upregulation of proinflammatory
activity by the lack of COMMD1.

Inhibiting glycolysis recovered the inflammatory potential of
macrophages associatedwith the lack ofCOMMD1.Our results
showed that regulatingmetabolic states could be used to treat or
even prevent diabetic atherosclerosis. Future studies using cell-
specificCOMMD1knockout or over-expressionmousemodels
are required to illustrate the role of COMMD1 in diabetic
atherosclerosis. COMMD1 is involved in different cellular
processes, especially copper metabolism.35 Further studies are
needed to elucidate the detailed mechanism by which
COMMD1 is regulated in macrophages in diabetic athero-
sclerosis and confirm the clinical implications of COMMD1 in
diabetic atherosclerotic patients.

In summary, this study explored the mechanism by which
diabetes enhanced the process of atherosclerosis. COMMD1-
deficient macrophages regulated inflammation and glycolysis,

thereby facilitating diabetic atherosclerosis. 2-DG reversed this
effect. Our study confirms that COMMD1may be a promising
target for the treatment of diabetic atherosclerosis to inhibit
early inflammatory and metabolic reprogramming and delay
diabetic atherosclerotic progression.
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