
737Journal of Atherosclerosis and Thrombosis　Vol.23, No.6

Original Article

HMGB1Modulates the Treg/Th17 Ratio in Atherosclerotic Patients
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Aim: Atherosclerosis (AS) characterized as a chronic inflammatory disease. Multiple immune cells 
and inflammatory cytokines, such as high mobility group protein (HMGB1), regulatory T (Treg) 
cells, T helper (Th17) cells, and inflammation-related cytokines, play a key role in its pathophysiol-
ogy. A large number of studies report that HMGB1 and Th17 cells may promote atherosclerosis pro-
gression, whereas Treg cells may play a protective role in atherosclerosis; thus, alterations in the Treg/
Th17 ratio may exist in atherosclerosis diseases. Up till now, the relationships between HMGB1 lev-
els and the Treg/Th17 ratio remain incompletely understood. The major purpose of this study was 
to investigate the relationship between HMGB1 levels and the Treg/Th17 ratio in patients with cor-
onary artery atherosclerotic plaques.
Methods: We enrolled patients with coronary atherosclerosis and normal coronary artery as the 
research subjects. Flow cytometry was used to analyze the Treg cells, the Th17 cells frequency, and 
the Treg/Th17 ratio. Otherwise, real-time polymerase chain reaction was used for assays the mRNA 
expressions of HMGB1, retinoic acid-related orphan nuclear receptor C (RORC), and forkhead-
winged helix transcription factor (Foxp3). Moreover, enzyme-linked immunosorbent assays were used 
to detect the level of protein and cytokines, such as HMGB1, IL-10, TGF-β1, IL-17A, and IL-23.
Results: Using flow cytometry, we observed a significantly increased of Th17 cell frequency, whereas 
Treg cell frequency significantly decreased in atherosclerotic patients. Consistently, the levels of 
RORC mRNA were significantly increased in coronary atherosclerosis (AS) group compared to nor-
mal coronary artery (NCA) group (P＜0.01). In contrast, the expression of Foxp3 mRNA was mark-
edly lower in the AS group than in the NCA group (P＜0.01). Furthermore, we observed the serum 
concentrations of HMGB1, IL-17A, and IL-23 were significantly higher in the AS group than in the 
NCA group (P＜0.01, respectively), whereas the concentrations of serum IL-10 and TGF-β1 were 
significantly lower in the AS group than in the NCA group (P＜0.01, respectively). In addition, we 
also found that HMGB1 levels showed negative correlation with the Treg/Th17 ratio in the two 
groups (r =－0.6984, P＜0.01).
Conclusions: The data in our study indicated that HMGB1 may promote atherosclerosis progression 
via modulating the imbalance in the Treg/Th17 ratio.

J Atheroscler Thromb, 2016; 23: 737-745.

Key words: AS, HMGB1, Treg cells, Th17 cells

Address for correspondence: Jiawang Ding, Department of 
Cardiology, The First College of Clinical Medical Sciences, 
China Three Gorges University, Yichang, 443000, Hubei, PR 
China
E-mail: dingjiawang@medmail.com.cn
Received: May 8, 2015
Accepted for publication: November 16, 2015

Introduction

Atherosclerosis(AS) is a chronic inflammatory 
disease that involves the interaction of several leuko-
cyte subsets and inflammatory cytokines, and it leads 
to several diseases, such as cardiovascular diseases and 
cerebrovascular diseases1, 2).
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with coronary artery diseases diagnosed by coronary 
angiography as the research subjects. Their ages ranged 
from 39 to 71 years (mean age=59.5±8.7 years). 
Patients were classified into two groups: group 1: cor-
onary atherosclerosis (AS), patients were diagnosed by 
coronary angiography and displayed one or more cor-
onary arteries with at least 50% stenosis; group 2: nor-
mal coronary arteries (NCA), patients were diagnosed 
by coronary angiography and no vascular diseases were 
observed in them.

The exclusion criteria13, 14) were as follows: diabe-
tes mellitus and other metabolic diseases; cardiovascu-
lar events ＜1 year, such as a stroke or myocardial 
infarction; malignant diseases; renal failure; liver dis-
eases; various chronic and acute infections; connective 
tissue diseases; surgery; treatment with anti-inflamma-
tory drugs and/or immunosuppressive agents.

Blood Samples
We collected 5–10 mL of peripheral blood from 

the all participants after an overnight fast. Blood sam-
ples were treated with sodium heparin and examined 
within 4 h. The anti-coagulated blood is for flow 
cytometry and real-time polymerase chain reaction 
(qRT-PCR). Otherwise, serum obtained from 2 mL 
without anticoagulant for enzyme-linked immunosor-
bent assay (ELISA) stored at －80℃ until use.

Isolation of Peripheral Blood Mononuclear Cells 
(PBMCs)

PBMCs were isolated from 5 mL of sodium hep-
arin-treated venous blood samples by Ficoll –Hypaque 
gradient centrifugation (1,800 rpm at room tempera-
ture for 20 min). Washed and resuspended at a density 
of 2×106 cells/mL in 1640 complete culture medium 
(RPMI 1640 supplemented with 100 U/mL strepto-
mycin, 100 U/mL penicillin, 2 mM glutamine, and 
10% heat-inactivated fetal calf serum) (Lot 31800-
022, Gibco, America).

Cell Culture
For Th17 analysis, PBMCs were suspended at a 

density of 2×106 cells/mL in complete culture medium. 
The cell suspension was transferred to 12-well plates. 
Then, cell suspension were stimulated with PMA/Ion-
omycin mixture (Lot LK-CS1001, Liankebio, China) 
4 µL/mL for 6 h in the presence of BFA/Monensin 
mixture (4 µL/mL, Lot LK-CS1002, Liankebio, 
China) in an incubator with 5% CO2 at 37℃. Then 
the contents were collected and transferred to 15-mL 
sterile tubes and washed twice in phosphate-buffered 
saline (PBS) and prepared for Th17 cells analysis.

High mobility group box-1 protein (HMGB1), 
an evolutionarily conserved non-histone DNA-bind-
ing protein that functions as a DNA chaperone, is 
found in most cells and plays a vital role in numerous 
key DNA events, such as nucleosome stability and 
sliding, DNA replication and repair, gene transcrip-
tion and so on3). HMGB1, derived from necrotic and 
damage cells (passively release) and activated mono-
cytes/macrophages (actively secrete), is involved in the 
pathological progression of tumor metastasis and inva-
sion, hepatitis B virus infection, atherosclerosis, reste-
nosis of injured vasculature, and angiogenesis after 
myocardial infarction4-8).

Treg cells and Th17 cells belong to CD4＋T cells 
subset, which can mediate immune responses, con-
tribute to the development of atherosclerotic plaques9). 
Forkhead family protein 3 (Foxp3) and retinoic acid-
related orphan receptor γt (RORγt) are the transcrip-
tional factors of Treg cells and Th17 cells, respectively. 
Treg cells play a pivotal role in maintaining the 
immune tolerance and immune homeostasis, whereas 
Th17 cells repress the function of Treg cells and con-
tribute to the inflammatory diseases.

Studies by other research groups as well as our 
own previous studies demonstrate that HMGB1 levels 
are increased in acute myocardial infarction and coro-
nary artery stenosis7, 10). However, how HMGB1 
affects atherosclerosis progression remains unclear. 
Recently, several studies show that Th17 cells and Treg 
cells can transform into each other during inflamma-
tory environment and autoimmune diseases11, 12). 
Thus, we hypothesize that HMGB1 may regulate the 
atherosclerosis plaque formation via modulating Treg 
cells conversion to Th17 cells in vivo. The major pur-
pose of this study is to investigate the relationship 
between HMGB1 levels and the Treg/Th17 ratio in 
atherosclerotic plaques.

Materials and Methods

Patient Population
Commonly, sites with low or oscillatory endo-

thelial shear stress, located near branch points and 
along inner curvatures, are most susceptible, and the 
abdominal aorta, coronary arteries, iliofemoral arter-
ies, and carotid bifurcations are typically affected the 
most1). In our study, we enrolled 66 patients (34 males 
and 32 females) derived from central people’s hospital 
in Yichang, Hubei Province, China. All of them gave 
written consent informs to this study and all the 
experiments were approved by the research Ethics 
Committee of the central people’s hospital in Yichang, 
Hubei Province, China. Thus, we enrolled the patients 
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cal laboratory.

Cytokines in Serum Determined by ELISA
Serum levels of TGF-β1, IL-10, IL-17A, IL-23, 

and HMGB1 were measured by commercially avail-
able ELISA kits according to the manufacturer’s 
instruction. All samples were assessed in triplicate. The 
human TGF-β1 (Lot EHC107b.96), IL-10 (Lot 
EHC009.96), IL-17A (Lot EHC170.96), and IL-23 
(Lot EHC171.96) ELISA kits were purchased from 
NeoBioscience China, whereas the HMGB1 ELISA 
kit was purchased from Westang, China (Lot F01020). 
The data were recorded at 450 nm in a microplate 
reader (Thermo, Finland). The sensitivity levels for 
TGF-β1, IL-10, IL-17A, IL-23, and HMGB1 were 
15 pg/mL, 1 pg/mL, 8 pg/mL, 15 pg/mL, and 0.3 ng/
mL, respectively.

Statistical Analysis
All data analyses were performed by SPSS statis-

tical software (version 13). Data for continuous vari-
ables are presented as the mean±standard deviation 
(SD). Group comparison was conducted with Stu-
dent’s t test. The correlation between serum HMGB1 
and the Treg/Th17 ratio was described by Pearson cor-
relation coefficients. A two-tailed p-value of ＜0.05 
was considered to be the significance level.

Results

The Characteristics of Participants
There were no significant differences in age, gen-

der, risk factors, and blood biochemical parameters 
between patients in the NCA and AS) groups (Table 
1).

Flow Cytometry
FITC-conjugated anti-human CD3 (Lot 11-0039-

42), APC-conjugated anti-human CD8 (Lot 17-0088-
42), PE-conjugated anti-human IL-17A (Lot 85-12-
7178-42), FITC-conjugated anti-human CD4 (Lot 
85-11-0047-42), PE-conjugated anti-human CD25 
(Lot 85-12-0259-42) and PE-CY7-conjugated anti-
human CD127 (Lot 85-25-1278-42) are all purchased 
from eBioscience, America. For the analysis of Th17, 
the cells were incubated with anti-human CD3-FITC 
and anti-human CD8-APC at 4℃ for 30 min. After 
the surface staining, cells were fixed and permeabilized 
with Fix/Perm buffer (Lot: 88-8824, eBioscience, 
America) according to the manufacturer’s instruction 
and stained with anti-human IL-17A-PE for intercel-
lular staining. For Treg analysis, the cells were incu-
bated with anti-human CD4-FITC, anti-human 
CD25-PE, and anti-human CD127-PE-CY7 at 4℃ 
for 30 min. Samples were analyzed using an Accuri 6 
BD flow cytometer.

qRT-PCR
The mRNA levels of HMGB1, FOXP3, and 

RORC were determined by qRT-PCR analysis. Total 
RNA was extracted from PBMCs with Trizol reagent 
(Takara) and converted into cDNA using a Prime-
Script RT reagent kit (Lot 00171359, Sigma, Amer-
ica) according to the manufacturer’s instructions. The 
mRNA expressions of HMGB1, Foxp3, and RORC 
were quantified using the SYBRPre mix ExTaq (Lot 
AK8306, Takara, Japan) on a Agilent SureCycler 8800 
system (Agilent, American), with GAPDH expression 
as a control. Amplification was performed in a total 
volume of 25 µL for 40 cycles of 15 s at 95℃ and 30 s 
at 60℃ alter initial denaturation (95℃, 30 s). The 
primer sequences were as follows: GAPDH (purchased 
by Sangon Biotech, China, Lot PHS04); HMGB1 
forward: AACCTATATCCCTCCCAAAG; HMGB1 
r e v e r s e :  A C AT C T C T C C C A G T T T C T T C 
(NM_002128.4); Foxp3 forward: AACAGCA-
CATTCCCAGAGTTCC; Foxp3 reverse: CATT-
GAGTGTCCGCTGCTTC (NM_014009.3); RORC 
forward: CCGAGGATGAGATTGCCCTCT; RORC 
reverse: GGTGGCAGCTTTGCCAGGAT (NM_ 
005060.3). Samples were analyzed in triplicate; 2－ΔΔCt 
was used to calculate fold change of mRNA expression.

Measurement of Blood Biochemistry
The level of total cholesterol (TC), triglycerides 

(TG), high-density lipoprotein cholesterol (HDL-c), 
low-density lipoprotein cholesterol (LDL-c), and fast-
ing plasma glucose (FPG) were measured by enzy-
matic methods. All of them were measured at a clini-

Table 1. Clinical characteristics of the groups

Characteristics NCA (n=33) AS (n=33)

Gender (Male/Female)
Age, mean±SD years
Hypertension, n (%)
FPG (mmol/L)
Serum Cr (umol/L)
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)

16/17
61.4±9.5
11 (33.3%)

5.3±0.5
71.7±15.4

4.0±1.0
1.4±0.8
1.4±0.3
2.0±0.6

19/14
58.6±7.8
19 (57.6%)

5.2±0.5
75.0±13.3

4.0±0.9
1.2±0.4
1.5±0.2
2.0±0.7

Values are expressed as mean±SD. NCA: normal coronary arteries; 
AS: coronary atherosclerosis; FPG: fasting plasma glucose; Cr: creati-
nine; TC: total cholesterol; TG: triglycerides; HDL-C: high-density 
lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol.
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(P＜0.01). The frequency of Treg cells (CD4＋CD25＋

CD127－/CD4＋T cells) was markedly decreased in the 
AS group (4.3%±0.7%) compared to the NCA group 
(6.2%±0.8%) (P＜0.01). As shown in Fig.1, we 
found that the Treg to Th17 ratio cells was lower in 
the AS group (2.8±1.0) than in the NCA group 
(7.1±1.9). Therefore, the Treg/Th17 ratio was signifi-

Increased Th17 Frequency and Decreased Treg 
Frequency in PBMC of Coronary Atherosclerosis 
Patients

As shown in Fig.1, the frequencies of Th17 
(CD3＋CD8－IL17＋/CD3＋CD8－ T cells) was signifi-
cantly higher in AS group (1.6%±0.4%) than in the 
normal coronary arteries (NCA) group (0.9%±0.2%)

Fig.1. Imbalanced frequencies of Th17 and Treg cells in patients with coronary atherosclero-
sis (AS). (A) Representative flow cytometric (FCM) dot plots of CD4＋CD25＋

CD127－Treg cells staining; (B) Representative FCM dot plots of CD3＋CD8－IL-17＋

Th17 cell quantification; (C) A summary of the percentages of CD4＋CD25＋CD127－

Treg cells in AS patients is shown; p＜0.01 compared to normal coronary arteries 
(NCA) (NCA, n=33; AS, n=33); (D) A summary of the percentage of CD3＋CD8－

IL-17＋T cells in AS patients is shown; p＜0.01 compared to NCA patients (NCA, 
n=33; AS, n=33); (E) The ratio of Treg to Th17 cells was significantly decreased in 
AS patients; (F) Increased frequencies of Th17 cells in all patients were inversely corre-
lated with the percentages of Treg cells. Pearson’s correlation coefficient (normal dis-
tributed data) was used to assess interrelationships; ＊: P＜0.01 is considered statisti-
cally significant.
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tion factor (Foxp3) levels than the NCA group. Oth-
erwise, the data also provides that the balance between 
circulating Treg/Th17 cells is impaired in these patients. 
More importantly, the level of serum HMGB1 nega-
tively correlated with the Treg/Th17 ratio. These 

cantly decreased in patients in the AS group as than in 
those in the NAC group (P＜0.01).

The Expression of HMGB1, RORC, and Foxp3 
mRNA in PBMC

HMGB1 is the important inflammatory cyto-
kine in atherosclerotic diseases. RORC and Foxp3 are 
the specific transcription factors of Th17 and Treg 
cells, respectively. We thus measured the expressions of 
HMGB1, RORC, and Foxp3 mRNA in PBMCs from 
the all participants. As shown in Fig.2, the levels of 
HMGB1 and RORC mRNA were significantly 
increased in the AS group than in the NCA group 
(both P＜0.01). In contrast, the expression of Foxp3 
mRNA was markedly lower in the AS group than in 
the NCA group (P＜0.01).

The Level of Cytokines in the Serum from Patients
Serum levels of TGF-β1, IL-10, IL-17A, IL-23, 

and HMGB1 were detected in the all participants by 
means of ELISA tests (Fig.3). The HMGB1, IL-17A, 
and IL-23 concentrations in the AS group (HMGB1: 
5.45±1.36 ng/mL; IL-17A: 50.78±8.52 pg/mL; IL-23: 
25.52±3.93 pg/mL) were significantly higher than 
those in in the NCA group (HMGB1: 2.33±0.66 ng/
mL; IL-17A: 16.45±3.00 pg/mL; IL-23: 14.85±1.74 
pg/mL; P＜0.01), whereas serum IL-10 and TGF-β1 
concentrations in the AS group (IL-10: 1.12±0.06 
pg/mL; TGF-β1: 3013.78±567.54 pg/mL) were sig-
nificantly lower than those in the NCA group (IL-10: 
1.48±0.17 pg/mL; TGF-β1: 6678.04±1178.09 pg/
mL; P＜0.01).

Correlations between HMGB1 and the Treg/Th17 
Ratio and Their Related Cytokines

As shown in Fig.4, HMGB1 concentration 
showed negative correlation with Treg cells in the two 
groups (r=－0.6362, P＜0.01, Fig.4A) and positive 
correlation with the frequencies of Th17 cells (r=  
0.6057, P＜0.01, Fig.4B). Consistently, HMGB1 con-
centrations showed negative correlation with the Treg/
Th17 ratio in the two groups (r=－0.6984, P＜0.01, 
Fig.4C).

Discussion

The present data demonstrate that AS patients 
exhibited significantly increasing serum level of 
HMGB1, peripheral Th17 frequency, Th17-related 
cytokines (IL-17 and IL-10), and transcription factor 
(RORC) levels; in addition, AS patients also showed 
dramatically decreases in the Treg frequency, Treg-
related cytokine (TGF-β1 and IL-10) and transcrip-

Fig.2. The expression of HMGB1, RORC, and Foxp3 
mRNA in PBMC. (A) The relative quanlitative 
HMGB1 mRNA expression were compared between 
two groups [coronary atherosclerosis (AS); normal 
coronary arteries (NCA)]; (B) The relative quanlitative 
RORC mRNA expressions were compared between 
the two groups; (C) The relative quanlitative Foxp3 
mRNA expressions were compared between the two 
groups; ＊P＜0.01 is considered statistically significant.
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inflammatory mediator. In addition, it functions as a 
pro-inflammatory molecule in several diseases, such as 
diabetic cardiomyopathy, various liver diseases, active 
anti-neutrophil cytoplasmic autoantibody (ANCA)-
associated vasculitis (AAV), and cardiovascular diseases 
and so on6, 15-17). Atherosclerosis, a disease of the large/
medium arteries, is a chronic inflammatory disease 
involved in endothelial cells (ECs), vascular smooth 
muscle cells (VSMCs), monocytes/macrophage, plate-
lets, and other molecules18). HMGB1 mediates chronic 

results suggest that HMGB1 may promote the process 
of atherosclerosis by disturbing the Treg/Th17 ratio, 
which may be the new pathogenesis of atherosclerosis 
and new target of atherosclerosis treatment.

HMGB1 is found in most cells and plays a vital 
role in numerous key DNA events, such as nucleo-
some stability and sliding, DNA replication and repair, 
and gene transcription3). In addition to the nuclear 
role, cytoplasmic HMGB1 released by activated 
immune and non-immune cells, functions as a later 

Fig.3. The levels of serum HMGB1, IL-17A, IL-23, IL-10, and TGF-β1 in coronary ath-
erosclerosis (AS) patients. (A) Serum HMGB1 level significantly increased in the AS 
group compared to the normal coronary arteries (NCA) group (P＜0.01); (B) Serum 
IL-17A level significantly increased in the AS group compared to the NCA group 
(P＜0.01); (C) Serum IL-23 level significantly increased in the AS group than in the 
NCA group (P＜0.01); (D) Serum IL-10 level significantly decreased in the AS group 
compared to the NCA group (P＜0.01); (E) Serum TGF-β1 level significantly 
decreased in the AS group compared to the NCA group (P＜0.01); ＊: P＜0.01 is 
considered statistically significant.
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and RORC mRNA levels, whereas they were corre-
lated to Treg frequency and Foxp3 mRNA levels in AS 
patients. Moreover, serum HMGB1 levels were also 
negatively correlated to the Treg/Th17 ratio. On the 
basis of our results, we can conclude that HMGB1 

inflammatory responses in the above mentioned cells, 
and it plays a vital role in atherosclerosis progres-
sion19-21). In this study, our data confirmed that the 
level of HMGB1 mRNA and the expression of 
HMGB1 increased in AS patients, in comparison with 
the NCA patients. Our results are consistent with the 
conclusion of other investigators22, 23). Hence, HMGB1 
may promote atherosclerosis progression although the 
mechanisms remain unclear.

In human beings, interleukin 6 (IL-6) and trans-
forming growth factor-β (TGF-β) have been shown 
to promote the differentiation of Th17 cells, IL-23 is 
reported to maintain the development of Th17, 
whereas CD4＋ T cells have been shown to be trans-
formed to Treg cells in the presence of TGF-β24). 
Th17 cells function as pro-inflammatory cells via the 
production of IL-17, tumor necrosis factor (TNFα), 
and IL-625). On the other hand, Treg cells play the 
anti-inflammatory role by achieving direct contact 
with cells or via releasing anti-inflammatory cytokines, 
such as IL-10 and TGF-β25). Several studies have 
demonstrated that Treg cells and Th17 cells are 
involved in atherosclerosis progression26, 27). In our 
study, we found that the level of Treg cells frequency 
decreased significantly in AS patients compared to 
NCA patients, whereas the frequency of Th17 cells 
increased in AS patients compared to NCA patients. 
On the other hand, the Treg/Th17 ratio decreased in 
the AS patients than in the NCA patients. Moreover, 
RORC and Foxp3 are the transcription factors of 
Th17 cells and Treg cells respectively. In our study, the 
level of RORC mRNA was upregulated but the level 
of Foxp3 mRNA was downregulated in the AS 
patients. Consistently, Th17-cell – related cytokine, 
such as IL-17, increased in AS patients, whereas Treg-
cell – related cytokines, such as IL-10 and TGF-β, 
decreased in AS patients. The results we observed in 
this study were consistent with those of many other 
studies13, 27, 28). It was suggested that Treg cells and 
Th17 cells play a vital role in the development of ath-
erosclerosis, and the balance between Treg cells and 
Th17 cells was disturbed in patients AS patients. The 
underlying mechanism needs to be further investi-
gated in the future.

Recently, a great deal of evidence shows that 
HMGB1, via regulating the balance between Treg and 
Th17 cells, may modulate the progression of several 
diseases, such as experimental autoimmune myocardi-
tis, rheumatoid arthritis, and chronic hepatitis B29-31). 
It is suggested that HMGB1 may promote the dis-
equilibrium between Treg and Th17 cells in these dis-
eases. Consistently, we found that serum HMGB1 
levels were positively correlated to Th17 frequency 

Fig.4. Spearman correlation plot of serum HMGB1 levels 
and Treg frequency, Th17 frequency and the Treg/
Th17 ratio. (A) HMGB1 concentration negatively 
correlated with Treg frequency (r =－0.6362, P＜
0.0001); (B) HMGB1 concentration positively corre-
lates with Th17 frequency (r =6057, P＜0.0001); (C) 
HMGB1 concentration negatively correlated with 
Treg frequency (r =－0.6984, P＜0.0001).
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may promote atherosclerosis progression by modulat-
ing the imbalance between Treg and Th17 cells. 
Recently, we find that several researchers have clarified 
the related underlying mechanisms among other dis-
eases. Li31) et.al has found that in patients with 
chronic hepatitis B, HMGB1 may promote Th17 dif-
ferentiation via the TLR4-IL-6 pathway. Meanwhile, 
He30) et.al has found that HMGB1 facilitates the dif-
ferentiation of Th17 by enhancing the TLR2 pathway 
in patients with rheumatoid arthritis. In addition, 
Zhu32) et al has found that HMGB1 modulates the 
suppressive capacity of CD4＋CD25＋Tregs via the 
TLR4 pathway. However, the mechanism as to how 
HMGB1 affects the differentiation of Th17 in athero-
sclerosis diseases remains unclear; this needs to be 
more investigated in the future.

Although we observed relationships between 
serum HMGB1 levels and the Treg/Th17 ratio bal-
ance in atherosclerotic diseases, the underlying mecha-
nism as to how HMGB1 modulates the differentia-
tion and quantity of Treg cells and Th17 cells needs to 
be further investigated. We’ll focus on the study of 
mechanism to find new targets for the diagnosis and 
treatment of atherosclerotic diseases.
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