
Int J Clin Exp Pathol 2015;8(3):3238-3249
www.ijcep.com /ISSN:1936-2625/IJCEP0005639

Original Article 
Role of CD11b+Gr-1+ myeloid cells  
in AGEs-induced myocardial injury in a  
mice model of acute myocardial infarction

Tongqing Yao1, Wenbin Lu2, Jian Zhu2, Xian Jin1, Genshan Ma2, Yuepeng Wang1, Shu Meng1, Yachen Zhang1, 
Yigang Li1, Chengxing Shen1

1Department of Cardiology, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, 1665 Kongjiang 
Road, Shanghai 200092, China; 2Department of Cardiology, Zhongda Hospital Affiliated to Southeast, 89#, Dingji-
aqiao Road, Nanjing 210009, China

Received January 7, 2015; Accepted February 27, 2015; Epub March 1, 2015; Published March 15, 2015

Abstract: Aims: Polymorph neutrophils are the predominant inflammatory cells and play a crucial role on the patho-
genesis of myocardial injury at the early stage of acute myocardial infarction (AMI). However, the precursors and the 
differentiation of neutrophils are not fully understood. Here we explored the role of CD11b+Gr-1+ myeloid-derived 
suppressor cells (MDSCs) on myocardial injury in the absence and presence of advanced glycation end-products 
(AGEs) in a mice model of AMI. Methods and Results: Male C57BL/6J mice were selected. Fluorescent actived cell 
sortor (FACS) data demonstrated significantly increased CD11b+Gr-1+ MDSCs both in peripheral blood circulation 
and in the ischemic myocardium at 24 hours post AMI. Quantitative-real-time PCR results also revealed significantly 
upregulated CD11b and Ly6G mRNA expression in the ischemic myocardium. AGEs treatment further aggravated 
these changes in AMI mice but not in sham mice. Moreover, AGEs treatment also significantly increased infarction 
size and enhanced cardiomyocyte apoptosis. The mRNA expression of pro-inflammatory cytokine IL-6 and iNOS2 
was also significantly increased in AMI + AGEs group compared to AMI group. Conclusion: These data suggest en-
hanced infiltration of MDSCs by AGEs contributes to aggravated myocardial injury in AMI mice, which might be one 
of the mechanisms responsible for severer myocardial injury in AMI patients complicating diabetes.

Keywords: Acute myocardial infarction (AMI), inflammation, myeloid-derived suppressor cells (MDSCs), 
CD11b+Gr-1+ myeloid cells, advanced glycation end-products (AGEs), pro-inflammatory cytokines

Introduction

Acute myocardial infarction (AMI) is the leading 
cause of morbidity and mortality all over the 
world. Inflammation, as a result of AMI, is 
regarded as a driving force in the disease pro-
gression post AMI. Epidemiological studies 
have demonstrated that leukocyte counts, 
especially peripheral neutrophil counts, serve 
as an independent risk factor for coronary 
artery disease, and a prognostic marker of 
future adverse events in patients with cardio-
vascular disease [1]. Accumulating evidence 
indicates that neutrophils are activated and 
infiltrated into the myocardium following isch-
emic insult and are capable of releasing sub-
stances injurious to the myocardium [2-5]. 
Recent studies suggested myeloid-derived sup-

pressor cells (MDSCs), a heterogeneous popu-
lation of early myeloid progenitors including 
immature granulocytes, macrophages, and 
dendritic cells at different stages of differentia-
tion [6], which are broadly defined as 
CD11b+Gr-1+ cells in mice, might play a decisive 
role in the pathogenesis of AMI [7].

Cardiovascular complications are the major 
causes of morbidity and mortality for patients 
with diabetes [8]. The proposed mechanisms 
linking accelerated atherosclerosis and in- 
creased cardiovascular risk in this population 
are not fully understood. Hyperglycemia and 
intracellular metabolic changes induced oxida-
tive stress, low-grade inflammation, endothelial 
dysfunction, epigenetic factors, co-existed obe-
sity, dyslipidemia, and hypertension all account-
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ed for the potential pathomechanisms [9]. 
Recent studies also suggest that formation of 
advanced glycation end-products (AGEs) in dia-
betic patients might contribute to the develop-
ment of cardiovascular disease and serum 
AGEs level independently predicts obstructive 
coronary artery disease and the severity of cor-
onary atherosclerosis [10]. AGEs are produced 
by non-enzymatic reactions between proteins 
and carbonyl compounds (e.g. sugars), espe-
cially during hyperglycemia [11]. The deleteri-
ous link of AGEs with diabetic vascular compli-
cations has been suggested and it is known 
that AGEs could induce oxidative stress and 
inflammation while oxidative stress and inflam-
mation could also accelerate formation of 
AGEs, both leading to vessel wall injury and 
plaque development [12]. Thus, AGEs might be 
a crucial mediator between diabetes and dia-
betic cardiovascular complications. 

The interaction between AGEs and MDSCs dur-
ing myocardial injury remains largely unknown 
now and in this study, we explored if AGEs 
induced myocardial injuries were partly medi-
ated by MDSCs and tested the hypothesis that 
AGEs could enhance MDSCs myocardial infiltra-
tion and increase the circulating MDSCs, there-
by aggravate myocardial injury in a mouse AMI 
model.

Results and discussion

Animals and AMI model

AMI was generated in Male C57BL/6J mice 
(8-10 weeks old, n = 25) via permanent left 
coronary ligation as previously described [13, 
14]. Briefly, mice were anesthetized using 50 
mg/kg intra-peritoneal injection of sodium pen-
tobarbital (Sigma), intubated and connected to 
a respirator (TKR200C Jiangxi Teli, China). 
According to the frequency of heartbeat and 
breathing on its own, we monitored the depth 
of anesthetic during the acute myocardial 
infarction surgery. The heart was quickly exteri-
orized through left thoracotomy and pericardial 
incision, descending coronary artery was per-
manently ligated with a silk suture (6.0). 
Successful establishment of AMI was suggest-
ed with a pale appearance in the anterior wall 
of the left ventricle. To minimize postoperative 
pain caused by the procedure, we used 15 mg/
kg intra-peritoneal injection of sodium pento-
barbital (Sigma) until death or been sacrificed. 

Infarction was further identified through mor-
phological and pathological examination after 
been sacrificed. All mice were sacrificed in 
deep anesthesia with overdose sodium pento-
barbital (Sigma) (130 mg/kg intraperitoneal 
injection). Sham operated animals (n = 12) 
underwent an identical surgical operation with-
out ligating the coronary artery. AGEs (25 mg/
kilogram/day via peritoneal injection for three 
days, Biological reagents sales company of 
Shanghai Anyan) or equal volume saline was 
applied at 24 hours before coronary ligation or 
sham operation. Control animals (n = 6) had no 
treatment. 

The animal experiment was approved by the 
medical ethics committee of Xin Hua Hospital 
Affiliated to Shanghai Jiao Tong University 
School of Medicine, and conforms to the 
Principles of Laboratory Animal Care (National 
Society for Medical Research) and the Guide for 
the Care and Use of Laboratory Animals (NIH).  
Approval No: XHEC-2013F-017.

Single-cell preparations for FACS analysis and 
sorting

Bone marrow-derived cells (BMDCs) from the 
femurs of euthanized mice were flushed with 
ice-cold PBS with 2% FBS (GIBCO USA) and 
depleted of red blood cells (RBCs) using RBC 
lysing buffer (BD Biosciences). Spleen was cut 
into small pieces and rubbed following single-
cell filtration through 40 μm strains. Total nucle-
ated cells in peripheral blood were isolated 
after erythrocyte lysis. Single-cell suspensions 
were made by filtrating cells through 40 μm 
strains. For FACS analysis, single-cell suspen-
sions were stained with antibodies and evalu-
ated or sorted by multi-color flow cytometry 
using a flow cytometer (EPICS® ALTRA, 
Beckman Coulter). Data were analyzed using 
FlowJo7 software (Tree Star). Similar protocols 
were used for immune cells isolated from 
mouse heart.

Antibodies and immunohistochemical staining

The following antibodies were used: antibody to 
CD11b (Abcam); PE-conjugated lineage specific 
antibodies (Ly6G), FITC-conjugated antibodies 
to CD11b; PercP-conjugated antibodies to 
Ly6C, and Gr1 (Ly6G and Ly6C) (all from BD 
Pharmingen). Texas Red-conjugated rabbit-spe-
cific secondary antibody and Texas red-conju-
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gated rat-specific secondary antibody (Vector 
Laboratories) were used for immunohistochem-
istry analysis. Tissue samples (heart and 
spleen) from AMI and sham mice were fixed 
with 4% paraformaldehyde for 12 hours fol-
lowed by 30% sucrose overnight. Fluorescence 
expression was directly observed using an 
inverted fluorescence microscope (Zeiss). 
Images were analyzed with Photoshop.

mRNA expression of CD11b, Ly6G, IL-6 and 
iNOS in ischemic myocardium of mice

mRNA levels of various factors including CD11b, 
Ly6G, IL-6 and iNOS were detected by RT-PCR 
at border zone near infarction area of mouse 
heart post enzymatic dissociation with 0.25% 
trypsin including EDTA (HyClone). Total RNA was 
extracted (TRIzol Reagent, Invitrogen) from the 
cells, and reverse transcribed using Revert Aid 
First Strand cDNA synthesis Kits (RT-PCR; 

Fermentas). Reactions were performed using 
Platinum SYBR Green qPCR Super Mix UDG 
(Applied Invitrogen) in a Mini Opticon RT-PCR 
System (BIO-RAD). As an internal control, levels 
of glyceraldehyde-3-phosphate-dehydrogenase 
(GAPDH) were quantified in parallel with target 
genes. Normalization and fold changes were 
calculated using BIO-RAD CFX Manager. The 
following primers were used: Ly6G forward, 
5’-GAT GGA TTT TGC GTT GCT CT G-3’; Ly6G 
reverse, 5’-TTG TCC AGA GTA GTG GGG CAG 
A-3’; CD11b forward, 5’-GTG AGC CCC ATA AAG 
CAG CT-3’; CD11b reverse, 5’-TCT CCA TCT GTG 
ATG ACA ACT AGG AT-3’; IL6 forward, 5’-CTT CCC 
TAC TTC ACA AGT CCG G-3’; IL6 reverse, 5’-GCC 
ACT CCT TCT GTG ACT CCA G-3’; iNOS forward, 
5’-ATT CAC AGC TCA TCC GGT ACG-3’; iNOS 
reverse, 5’-CAC TTC AAC CCG AGC TCC TG-3’; 
GAPDH forward, 5’-GCC TCA AGA TCA TCA GCA 
AT-3’; GAPDH reverse, 5’-GGA CTG TGG TCA TGA 
GTC CT-3’.

Figure 1. Mouse Myeloid cells were examined in ischemic myocardium of AMI mice. A. The immunofluorescence 
image of CD11b+Gr1+ MDSC at marginal zone along infarction area of 24 h post AMI mice heart (n = 6). Arrows 
indicate where infarct area was. Arrows indicate where infarct area was detected by immune-fluorescence staining. 
B. CD11b and Ly6G mRNA expression in the ischemic myocardium at 24 h post operation (n = 6) compared with 
sham (n = 6) (student t-tests, *P < 0.05 compared with control groups). AMI = acute myocardial infarction; MI = 
myocardial infarction. 
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Figure 2. Mouse Myeloid cells expressing cell surface markers CD11b+ and Gr1+ 
were examined in blood, spleen and bone marrow of AMI mice and sham mice. 
A. The representative FACS graphs of CD11b+Gr-1+ in mice blood, spleen and 
bone marrow by flow cytometer 24 h after AMI compared to the sham group. B. 
Bars are divided to display percentage of CD11b+Gr1+ myeloid cells by FACS. (AMI 
group n = 6, sham group n = 6, student t-tests, *P < 0.05 compared with sham 
groups). AMI = acute myocardial infarction



CD11b+Gr-1+ myeloid cells mediates AGEs induced myocardial injury

3242 Int J Clin Exp Pathol 2015;8(3):3238-3249

TUNEL immunohistochemistry (IHC) staining 
for caspase3

Terminal deoxynucleotidyl transferase-mediat-
ed dUTP nick-end labeling (TUNEL) was per-
formed to detect apoptotic nuclei by using ter-
minal deoxynucleotidyl transferase-mediated 
in situ fluorescein conjugated, dUTP nick end-
labeling technique according to the manufac-
turer’s protocol (Roche, Indianapolis, IN). The 
sections were incubated with mouse monoclo-
nal antibody (Abcam, Inc, San Francisco, CA) to 
recognizing cardiac myosin heavy chain to spe-
cifically recognize apoptotic cardiomyocytes. 
The fluorescence staining was viewed with a 
confocal laser-scanning microscope. The num-
ber of apoptotic cells with TUNEL-positive nuclei 
was counted by 2 independent observers blind-
ed to treatment group and expressed as a per-
centage of total myocyte population.

Data analysis

Quantitative data were expressed as mean ± 
standard deviation (SD). Student T-test was 
used for two groups Comparison. Multi-group 
comparison was performed by one-way ANOVA 
followed by a Tukey’s test for post hoc analysis. 
P < 0.05 was considered statistically signi- 
ficant.

Results

Increased CD11b+Gr1+ myeloid cells in periph-
eral circulation and heart in the AMI mice

Mouse myeloid cells expressing cell surface 
markers CD11b+ and Gr1+ were examined by 
immune-fluorescence staining in ischemic myo-
cardium of AMI mice at 24 h post operation 
(Figure 1A). Quantitative-RT-PCR results 
revealed significantly up-regulated CD11b and 
Ly6G (cell surface marker for granulocytes) 
mRNA expression in the ischemic myocardium 
at 24 h post AMI operation (Figure 1B). Taken 
together, these data demonstrated increased 
presence of CD11b+Gr1+ myeloid cells in the 
circulation and in ischemic myocardium post 
AMI. 

To address the cellular source of infiltrated 
CD11b+Gr-1+ myeloid cells, we examined the 
expression pattern of multiple inflammatory 
cells, in particular CD11b+Gr1+ Myeloid cells in 
the peripheral blood, spleen, and bone marrow 

which shared the same cell surface markers 
with myeloid cells in AMI mice 24 h post opera-
tion. FACS data showed that the percentage of 
circulating CD11b+Gr1+ myeloid cells were sig-
nificantly higher in this early stage in AMI mice 
than in sham mice (18.7% vs. 8.69%; P < 0.05; 
at 24 h). Data related to the origin of myeloid 
cells or Gr1+ granulocytic cells in various tis-
sues were as follows: the percentage of 
CD11b+Gr1+ myeloid cells in the spleen was sig-
nificantly decreased (1.1% vs. 2.18%), whereas 
the percentage of CD11b+Gr1+ myeloid cells 
just slightly decreased in the bone marrow at 
24 h post AMI (Figure 2A and 2B). These results 
were consistent with previous study by Swirski 
et al [15]. The results from dynamic measure-
ments of CD11b+Gr1+ myeloid cells in the blood, 
spleen, and bone marrow post AMI in mice are 
suggestive of the splenic reservoir of myeloid 
cells. In addition, activation and mobilization of 
CD11b+Gr1+ IMCs within the bone marrow 
might also contributes to the majority source of 
myeloid cells infiltrated in ischemic heart in this 
AMI mice model.

Impact of AGEs on mobilization of CD11b+Gr-1+ 
myeloid cells in AMI mice 

Previous study showed that receptor of  
advanced glycation end-product (RAGE) de- 
ficiency markedly reduced migration of 
CD11b+Gr1+ myeloid cells in DSS-treated RAGE 
KO mice [16]. In this study, FACS data present-
ed approximate four-fold increase of myeloid 
cells in the peripheral blood (P < 0.05) and the 
percentage of CD11b+Gr1- monocytic cells 
slightly increased from 6.66% to 8.26% (P > 
0.05), while CD11b+Gr1+ and CD11b+Gr1- 
myeloid cells in the spleen were significantly 
reduced and the proportion of CD11b+Gr1+ and 
CD11b+Gr1- myeloid cells remained unchanged 
in the bone marrow at 72 hours after the last 
AGEs injection in control group (Figure 3A and 
3B). CD11b+Gr1+ myeloid cells in the peripheral 
blood of sham+AGEs mice doubled than in 
sham mice (17.7% vs. 8.01% Figure 3C and 3D). 
Furthermore, higher expression of RAGE mRNA 
in CD11b+Ly6G+ granulocytic myeloid cells were 
detected in the AGEs treated sham mice by 
Q-RT-PCR (Figure 3E). Pathological examina-
tion showed that the number of CD11b+ myeloid 
cells in the heart tended to be higher in 
sham+AGEs group than in sham group (P > 
0.05, Figure 4A and 4B). These results suggest 
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Figure 3. AGEs enhanced infiltrating of CD11b+Gr1+ Myeloid cells in mice. A. The representative FACS graphs of 
CD11b+Gr-1+ MDSC in mice blood, spleen and bone marrow by flow cytometer 72 hours after AGEs injection com-
pared to the control group. B. Bars are divided to display percentage of CD11b+Gr1+ myeloid cells changes between 
control group (n = 6) and AGEs injection group (n = 6) by FACS (student t-tests, *P < 0.05 compared with control). 
C. The representative FACS graphs of CD11b+Gr1+ MDSC in mice blood of sham (n = 6), sham+AGEs (n = 6), AMI 
(n = 6) and AMI+AGEs (n = 6) groups by flow cytometer one day after AMI. D. Bars are divided to display percent-
age of CD11b+Gr1+ myeloid cells changes among the four groups by FACS (one-way ANOVA followed by a Tukey’s 
test, *P < 0.05 compared with sham, †P < 0.05 compared with AMI). E. mRNA levels of RAGE in CD11b+Ly6G+ 
and CD11b+Ly6G- cells of AGEs treated sham mice (n = 6) detected by real time RCR (student t-tests, *P < 0.05 
compared with CD11b+Ly6G-). AMI = acute myocardial infarction; AGEs = advanced glycation end products; RAGE = 
receptor for advanced glycation end-product.
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that activation of RAGE signaling pathway might 
be critical in releasing of CD11b+Gr1+ myeloid 
cells in AGEs treated sham mice. 

We further observed the impact of pretreat-
ment with AGEs on CD11b+Gr1+ myeloid  
cells mobilization in AMI mice. FACS analysis 
demonstrated that peripheral CD11b+Gr1+ 
myeloid cells were significantly higher in 
AMI+AGEs mice than in AMI mice (27.2% vs. 
17.6%, Figure 3C and 3D). Markedly increased 
CD11b+ myeloid cells in the infarcted myocar-
dium were evidenced in the AMI+AGEs group 
compared with AMI group by immunohisto-
chemistry staining (IHC, P < 0.05 Figure 4A and 
4B). These data suggested that AGEs enhanced 
CD11b+Gr1+ immature myeloid cells (IMCs) 
release in blood and myocardial infiltration in 
AMI mice. 

Increased CD11b+Gr-1+ myeloid cells by AGEs 
promote cardiomyocyte apoptosis and exacer-
bation of infarct size in AMI mice

To determine whether recruitment of CD11b+ 

Gr-1+ MDSCs aggravates the infarction of AMI, 
we applied AMI operation on mice which pre-
treated with AGEs injection. As we expected, 
decreased cardiac function was measured in 
the AMI plus AGEs injection group compared 

with single AMI group and sham group (Figure 
5A and 5B). Furthermore, TUNEL results dem-
onstrated the highest number of  apoptotic car-
diomyocytes in AMI+AGEs group (approximately 
6 times higher than sham group, 1.5 times 
higher  compared with AMI group) while  apop-
totic cardiomyocytes were similar between 
sham and sham + AGEs groups (Figure 5C and 
5D). IHC staining with anti-Caspase3 evidenced 
significantly activated Caspase3 expression in 
the border zone of AMI+AGEs mice (Figure 5E 
and 5F). Overall, these data suggest that 
increased myocardial CD11b+Gr1+ myeloid cells 
infiltration post pretreatment with AGEs might 
be responsible for the enhanced ischemic inju-
ry in the infarcted myocardium of AMI mice, 
which was possibly mediated through promot-
ing myocardial CD11b+Gr-1+ myeloid cells infil-
tration in this model.

Increased pro-inflammatory cytokines and 
inducible nitricoxide synthase (iNOS) released 
by CD11b+Gr-1+ myeloid cells

To further explore the underlying mechanism of 
enhanced myocardial ischemic injury in this 
model by AGEs, we compared myocardial mRNA 
expression of inflammatory cytokines among 
various groups. Quantitative-RT-PCR detected 
significant increases of pro-inflammatory cyto-

Figure 4. AGEs enhanced infiltrating of CD11b positive cells in mice. A. CD11b positive cells count by immunohis-
tochemistry in the ischemic myocardium of sham (n = 6), sham+AGEs (n = 6), AMI (n = 6) and AMI+AGEs (n = 6) 
groups. B. Statistical of bar chart from immunohistochemistry (one-way ANOVA followed by a Tukey’s test, *P < 
0.05 VS sham group, †P < 0.05 VS AMI group). AMI = acute myocardial infarction; AGEs = advanced glycation end 
products.



CD11b+Gr-1+ myeloid cells mediates AGEs induced myocardial injury

3245 Int J Clin Exp Pathol 2015;8(3):3238-3249



CD11b+Gr-1+ myeloid cells mediates AGEs induced myocardial injury

3246 Int J Clin Exp Pathol 2015;8(3):3238-3249

kine IL-6 and iNOS mRNA at 24 h post AMI in 
ischemic myocardium which were further 
enhanced in AMI+AGEs group (Figure 6A and 
6B). These data suggested that increased myo-
cardial CD11b+Gr1+ myeloid cells infiltration in 
AMI mice post AGEs could further promote 
releasing of pro-inflammatory cytokines and 
iNOS, and subsequently enhance cardiomyo-
cytes apoptosis.

Discussion 

The major findings of our study include that 
there are significantly increased CD11b+Gr1+ 
myeloid cells in the peripheral circulation and in 
the heart at 24 hours post AMI, this phenome-
non is joined by significantly upregulated 
CD11b and Ly6G mRNA expression in the isch-
emic myocardium. Moreover, pretreatment with 
AGEs significantly enhanced these changes 

and aggravated the ischemic injury and cadio-
myocytes apoptosis in AMI mice possibly 
through up-regulating RAGE signaling pathway 
and myocardial expression of pro-inflammatory 
cytokines and iNOS. These results suggested 
enhanced infiltration of myeloid cells plays a 
pivotal role in the pathogenesis of AMI. 
Moreover, pretreatment with AGEs further 
aggravated ischemic injury in this AMI mice 
model via enhancing infiltration of myeloid cells 
both in peripheral circulation and in the isch-
emic myocardium and AGEs mediated patho-
genic responses might be responsible for the 
clinically observed severer myocardial injury in 
AMI patients complicating with diabetes. 

The majority of current MDSC studies have 
focused on their role on tumor associated 
immunosuppression, acute and chronic inflam-
mation or infection and so on [17-19], while the 

Figure 5. AGEs aggravate myocardial ischemic injury. A. Ultrasonic data showed worse ventricular Systolic function 
in AMI + AGEs group compared with AMI group. Images are representative of 6 mice analyzed. B. Left Ventricular 
Ejection Fraction was detected in sham (n = 6), sham + AGEs (n = 6), AMI (n = 6) and AMI + AGEs (n = 6) groups.  
(one-way ANOVA followed by a Tukey’s test, EF%: 36.2 ± 9.1 vs. 43.7 ± 8.6, *P < 0.05, compared with sham group, 
†P < 0.05, compared with AMI group). C. TUNEL results: apoptotic cardiomyocytes were no obvious change be-
tween sham and sham + AGEs groups. markedly increased apoptotic cardiomyocytes in the infarcted myocardium in  
the AMI + AGEs injection group. D. Bars are divided to display the positive cells by TUNEL. Images are representa-
tive of 6 mice analyzed. (one-way ANOVA followed by a Tukey’s test, *P < 0.05, compared with sham group, †P < 
0.05, compared with AMI group). E. Caspase3+ cells count by immunohistochemistry sham, sham + AGEs, AMI and  
AMI + AGEs groups. The microscope was 400 times. F. Statistical of bar chart display the number of caspase3+ 
cells. Images are representative of 6 mice analyzed. (one-way ANOVA followed by a Tukey’s test, *P < 0.05,  
compared with sham group, †P < 0.05, compared with AMI group). AMI = acute myocardial infarction; AGEs = ad-
vanced glycation end products; EF = Ejection Fraction; TUNEL = Terminal deoxynucleotidy ltransferase-mediated 
dUTP nick-end labeling.

Figure 6. AGEs increased pro-inflammatory cytokines IL-6 and iNOS releasing. A and B. mRNA levels of IL-6 in myo-
cardium of sham (n = 6) and sham + AGEs (n = 6) mice, or in infarction myocardium of AMI (n = 6) and AMI + AGEs 
(n = 6) mice, detected by real time RCR. mRNA levels of IL-6 in infarction heart of AMI mice detected by real time 
RCR (one-way ANOVA followed by a Tukey’s test, *P < 0.05, compared with sham group, †P < 0.05, compared with 
AMI group). AMI = acute myocardial infarction; AGEs = advanced glycation end products; iNOS = inducible nitricoxide 
synthase. 
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pathogenic role of these immature myeloid 
cells in cardiovascular diseases remains largely 
unknown. In the current study, we showed that 
CD11b+Gr1+ myeloid cells were significantly 
increased in the blood and in the ischemic myo-
cardium in AMI mice. Together with upregulated 
CD11b and Ly6G mRNA expression in the isch-
emic myocardium, these data collectively sug-
gested a potential role of CD11b+Gr1+ myeloid 
cells in the ischemic pathogenesis of AMI. 
Previous studies demonstrated that neutro-
phils and monocytes/macrophages were the 
predominant inflammatory cells in response to 
AMI in the acute and subacute stages after AMI 
[20, 21]. Myeloid cells can be divided into two 
major subsets according to differentiation anti-
gen Gr1 and CD11b: granulocytic myeloid cells 
with the phenotype of CD11b+Ly6G+Ly6Clow and 
monocytic myeloid cells with the phenotype of 
CD11b+Ly6G–Ly6Chigh [22]. In our study, the 
expression of CD11b and Ly6G mRNA was 
examined in the infarcted myocardium. We 
found the mRNA of CD11b+ and Ly6G+ were sig-
nificantly upregulated in the ischemic myocar-
dium. CD11b+Ly6G+ myeloid cells were mobi-
lized and recruited to the infarcted myocardium 
in the acute stage of AMI, acting as the primary 
infiltrated myeloid cells and leading to inflam-
matory response in infarcted area. Since the 
inflammatory role of CD11b+Ly6G+ myeloid 
cells are related to oxidative burst, secretion of 
proteolytic enzymes, and promotion of cardio-
myocyte death [23, 24], our finding is consis-
tent with the recent studies showing that the 
Ly6G+ is increased  in circulation of AMI mice 
[25] and increased CD11b+Ly6G+ myeloid cells 
in both peripheral circulation and ischemic 
myocardium contributed directly to the isch-
emic and inflammatory process post AMI.

Another novel finding of this study is that pre-
treatment with AGEs further aggravated isch-
emic injury in this AMI mice model via enhanc-
ing infiltration of myeloid cells in both in 
peripheral circulation and in the ischemic myo-
cardium, and increased CD11b+Gr-1+ myeloid 
cells by AGEs also promoted cardiomyocyte 
apoptosis and increased infarct size in AMI 
mice, AGEs also upregulated pro-inflammatory 
cytokine IL-6 and iNOS mRNA at 24 h post AMI. 
All these findings are suggestive for the poten-
tial pathogenic role of AGEs in ischemic heart 
diseases and might be responsible for the clini-
cally observed severer and diffused coronary 

vessel diseases in AMI patients complicating 
diabetes [26]. 

It is known that AGEs bind to monocytes via the 
receptor for AGEs (RAGE) [27]. Recent studies 
indicated that AGEs might contribute to cardio-
vascular disease and serum AGEs level inde-
pendently predicts obstructive coronary artery 
disease and the severity of coronary athero-
sclerosis [28, 29]. Previous studies also showed 
that AGEs could regulate RAGE and intratumor 
RAGE contributed to accumulation of MDSCs 
and tumor progress [30-32]. In our study, we 
evidenced significantly upregulated RAGE-
mRNA in CD11b+Ly6G+ cells in ischemic myo-
cardium. We further found that infarction area 
was increased in AGEs injection group. The 
expression of IL-6 and iNOS was also increased 
in ischemic myocardium, which is consistent 
with the previous study revealing positive asso-
ciation between iNOS and IL-6 andMDSCs in 
various disease conditions [33, 34]. Thus, acti-
vation of RAGE signal, promoted emigration of 
CD11b+Gr1+ myeloid cells early from spleen 
and bone marrow post AGEs could lead to exac-
erbated apoptosis of myocardial cells and 
aggravate ischemic injury in AMI mice, and 
therefore contribute to the aggravated isch-
emic process in AMI patients complicating dia-
betes. In the current study, we observed signifi-
cant increased myeloid cells in the peripheral 
blood and ischemic myocardium in this AMI 
mice model, however, CD11b+Gr1+ cells in the 
spleen was reduced post AMI. This phenome-
non was further aggravated in AGEs pretreated 
AMI mice. Increased myeloid cells in the periph-
eral blood and ischemic myocardium and 
reduced myeloid cells in the bone marrow and 
spleen suggest that bone marrow-derived 
CD11b+Gr1+ cells were mobilized to the periph-
eral and myocardium after heart injury and 
bone marrow and spleen could serve as impor-
tant IMCs reservoir. Spleen and bone marrow 
reservoirs liberated IMCS thus  contributed to 
progression of AMI. The mechanisms mediated 
the migration of CD11b+Gr1+ myeloid cells from 
the spleen and bone marrow need incisive 
investigation. 

In conclusion, CD11b+Gr1+ myeloid cells play a 
crucial role in the pathogenesis post AMI and 
AGEs further aggravated ischemic injury by 
increasing the peripheral and myocardial 
CD11b+Gr1+ myeloid cells and promoting 
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inflammatory cytokine release and cardiomyo-
cytes apoptosis, which could partly explain the 
severer myocardial dysfunction and diffused 
coronary artery vessel diseases observed in 
AMI patients complicating diabetes.
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