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Atorvastatin reduces serum HMGBI1 levels
in patients with hyperlipidemia
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Abstract. High mobility group box 1 protein (HMGBI)
has been identified as a novel pro-inflammatory cytokine in
coronary artery disease. This study investigated the effect of
atorvastatin on serum HMGBI levels in patients with hyper-
lipidemia. In 72 patients with hyperlipidemia, serum total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C) and high-sensitivity C-reactive protein (hs-CRP)
were compared with the levels in 32 control patients. In
hyperlipidemic patients, serum HMGBI levels were also
determined by ELISA before and after a 3-month treatment
of atorvastatin (20 mg/day). TC and LDL-C levels in the
hyperlipidemic group (6.37+0.94 and 4.99+0.75 mmol/I,
respectively) were significantly higher compared to those in
the control group (4.34+0.89 and 2.57+0.82 mmol/l, respec-
tively) (both P<0.05). Hs-CRP and HMGBI levels in the
hyperlipidemic group (3.91+1.06 mg/l and 5.42+1.56 ng/ml,
respectively) were also significantly higher compared to those
in the control group (1.53+0.45 mg/l and 2.11+0.95 ng/ml,
respectively) (both P<0.05). After treatment with atorvasatin
for three months, TC and LDL-C levels in the hyperlipidemic
group were significantly decreased compared to those prior to
treatment (TC, 4.67+0.89 vs. 6.37+0.94 mmol/l and LDL-C,
2.75+0.92 vs. 4.99+0.75 mmol/l, respectively) (both P<0.05).
HMGBI1 and hs-CRP levels in the hyperlipidemic group
(3.07+1.24 ng/ml and 1.87+0.79 mg/1, respectively) were also
significantly decreased compared to levels prior to treatment
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(5.42+1.56 ng/ml and 3.91+1.06 mg/1, respectively) (both
P<0.05). Serum HMGBI levels are increased in patients with
hyperlipidemia which could be reduced by atorvastatin.

Introduction

Atherosclerosis is characterized by a complex multifactorial
pathophysiology and was previously considered as a lipid
accumulation disease with an ongoing inflammatory response
which was mainly attributed to hyperlipidemia. Vascular
inflammation and hyperlipidemia play a predominant role in
the initiation, progression and the final steps of atherosclerosis
(1-3). It has been shown by previous study that hyperlipidemia
promotes the release of pro-inflammatory cytokines, such as
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) and
C-reactive protein (CRP) (4) indicating that hyperlipidemia
promotes an inflammatory response consequently enhancing
the development of atherosclerosis.

High mobility group box 1 protein (HMGBI) is a highly
conserved nuclear protein that has DNA-binding properties.
Several studies have revealed that HMGBI is a necessary and
sufficient mediator of lethal inflammation and functions as a
novel pro-inflammatory cytokine (5-7). Recently, an elevated
HMGBI level was also detected in patients with atherosclerotic
coronary artery diseases (8-10). As hyperlipidemia has been
shown to promote the release of HMGBI (11), hyperlipidemia
may be involved in the inflammation process of atheroscle-
rosis by stimulating the release of HMGBI1. However, whether
serum HMGBI levels are increased in patients with hyper-
lipidemia remains unknown. The major aim of this study
was to investigate the change in serum HMGBI levels and
the effect of atrorvastatin on HMGBI levels in patients with
hyperlipidemia.

Materials and methods

Study subjects. The clinical protocol was approved by the
Institutional Medical Ethics Committee of the Central Hospital
of Huangshi and conducted according to the ethical guidelines
outlined in the Declaration of Helsinki. A total of 72 consecu-
tive patients from the Department of Cardiology of the Central
Hospital of Huangshi, China, were enrolled in this study.
Patients were allocated into two groups: hyperlipidemic group
[low-density lipoprotein cholesterol (LDL-C) =4.14 mmol/l,
n=72] and control group [LDL-C <4.14 mmol/l, n=32] that
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was not receiving treatment with statins or other drugs for
reducing lipids. All patients in this study underwent coronary
angiography after admission. The patients without coronary
artery stenosis served as a control group without hyperlip-
idemia. Exclusion criteria included patients with coronary
artery disease, cardiac dysfunction, fever, peripheral vascular
disease, liver or renal dysfunction, autoimmune disease,
cancer, surgery or stroke within 6 months, a history of
infection, chronic inflammation, abnormal thyroid function,
imbalance of electrolytes and use of anti-inflammatory drugs
such as corticoids, statins and other drugs for reducing lipid
as well as nonsteroidal anti-inflammatory drugs excluding
aspirin. The hyperlipidemic group received a treatment of
20 mg/day atorvastatin for 3 months. After three months, the
serum lipids, high-sensitivity CRP (hs-CRP) and HMGBI of
the patients were measured again.

Sample collection and biochemical investigation. Peripheral
venous blood was drawn from the antecubital vein after a 12-h
fasting period. Serum samples were aliquoted and stored at
-70°C until used. All samples were thawed only once. Serum
total cholesterol (TC), triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C) and LDL-C were measured using
standard laboratory techniques on a Hitachi 912 Analyzer
(Roche Diagnostics, Germany). Serum hs-CRP was measured
by ELISA. Serum HMGBI levels were determined with a
commercially available ELISA kit (HMGBI1 ELISA Kit II;
Shino-Test Corporation, Tokyo, Japan) according to the kit
protocol.

Statistical analysis. Statistical analysis was performed with
the SPSS 13.0 (SPSS Inc., Chicago, IL, USA). All continuous
values are expressed as means + SD. The Chi-square test
or Fisher's exact test was used to compare proportions. The
Student's t-test or paired t-test was used for comparisons
between two groups. Statistical significance was defined as
P<0.05.

Results

Clinical characteristics of the patients. There were no
significant differences in age, gender, smoking status, drinking
status, incidence of diabetes and hypertension and medication
intake and body mass index (BMI) between the two groups.
The TC and LDL-C levels in the hyperlipidemic group were
significantly higher than those in the control group (both
P<0.05). Hs-CRP and HMGBI levels in the hyperlipidemic
group were significantly higher than those in the control group
(both P<0.05) (Table I).

Effect of atorvastatin on hs-CRP and HMGBI levels.
Following treatment with atorvasatin for three months, TC
and LDL-C levels in the hyperlipidemic group were signifi-
cantly decreased compared to those prior to treatment (TC,
4.67+0.89 vs. 6.37+0.94 mmol/l and LDL-C, 2.75+0.92 vs.
4.99+0.75 mmol/l, respectively; both P<0.05). HMGBI and
hs-CRP levels in the hyperlipidemic group (3.07+1.24 ng/
ml and 1.87+0.79 mg/l, respectively) were also significantly
decreased compared to levels prior to treatment (5.42+1.56 ng/
ml and 3.91£1.06 mg/1, respectively; both P<0.05).
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Table I. Characteristics of the hyperlipidemic and control
patients.

Control Hyperlipidemia

(n=32) (n=72)
Age (years) 48.2+9.5 49.4+10.3
Male (%) 46.8 514
Smokers (%) 31.3 34.7
Drinking (%) 219 20.8
Diabetes (%) 28.1 250
Hypertension (%) 344 36.1
Aspirin (%) 15.6 194
[-blocker (%) 6.3 6.9
Calcium blocker (%) 250 27.8
ACEI/ARB (%) 18.8 194
BMI (kg/m?) 239433 25.0+4.1
TC (mmol/l) 4.34+0.89 6.37+£0.94*
TG (mmol/l) 1.54+0.68 1.91+0.77
HDL (mmol/l) 1.06+0.31 0.98+0.35
LDL (mmol/1) 2.57+0.82 4.99+0.75
hs-CRP (mg/1) 1.53+0.45 3.91+1.06*
HMGBI (ng/ml) 2.11£0.95 542+1.56

Data are presented as means + SD. Smoking, >half pack/d within
three months before this study; Drinking, =50g/d white wine within
three months before this study; ACEI, angiotensin converting enzyme
inhibitor; ARB, angiotensin receptor blocker; BMI, body mass
index; TC, total cholesterol; TG, triglycerides; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
hs-CRP, high-sensitivity C-reactive protein;, HMGB1, high mobility
group box 1 protein. *‘P<0.05, compared to the controls.

Discussion

In 1999, Wang et al (5) initially reported that HMGBI func-
tions as a pro-inflammatory cytokine in sepsis. More recently,
HMGBI1 was also identified as a novel pro-inflammatory
mediator in atherosclerotic coronary artery diseases (8-10).
A previous study demonstrated that HMGBI is expressed
abundantly in atherosclerotic plaques derived from human
autopsy specimens (12). Recently, Inoue et al (13) showed
that activated vascular smooth muscle cells are the source
of HMGBI in human advanced atherosclerotic lesions and
that HMGBI1 directly facilitates the production of CRP
which is an independent predictor of the extent of coronary
artery stenosis for patients with atherosclerotic coronary
artery diseases (14,15). Meanwhile, Hu et al (8) showed
that HMGBI is related to the severity of coronary artery
stenosis. These findings suggest that the release of HMGBI
plays an important role in promoting inflammation and the
genesis of atherosclerosis. In the present study, we found
that HMGBI was increased in patients with hyperlipidemia.
Haraba er al (11) showed that hyperlipidemia stimulates
the extracellular release of nuclear HMGBI1 while reducing
hyperlipidemia decreases the expression of HMGBI. This
indicates that increased serum HMGBI levels may be attrib-
uted to hyperlipidemia.



In addition, we found that atorvastatin, a classic drug for
reducing cholesterol production by inhibiting 3-hydroxy-3-
methyl-glutaryl-coenzyme A (HMG-CoA) reductase, could
decrease serum HMGBI and hs-CRP levels. Previous studies
have demonstrated that statins reduce pro-inflammatory
cytokines such as TNF-a, IL-6, CRP and there is crosstalk
between HMGBI1 and other pro-inflammatory cytokines,
such as TNF-a, IL-6 and CRP (16-18). Recently, studies
have reported that atorvastatin downregulates the expression
of HMGBI in brain ischemia and inhibits HMGBI-induced
vascular endothelial activation (19,20). These results suggest
that atorvastatin inhibits the expression of pro-inflammatory
cytokines including HMGBI. A previous study showed that
statins could provide cardioprotection for anti-atherosclerotic
therapy (21). Thus, we speculated that the anti-atherosclerotic
effect of atorvastatin may be attributed to the inhibition of
HMGBI in hyperlipidemia.

In conclusion, the present study showed that serum
HMGBI levels were increased in patients with hyperlipidemia,
and that atorvastatin reduces serum HMGBI levels which may
be attributed to the decrease in serum lipids. Limitations were
present in the present study. Overall, our study included only a
small group of Chinese patients, therefore a future study with
a large cohort is required. The precise mechanisms underlying
our observation and their clinical relevance will require future
elucidation.

Acknowledgements

This study was supported by the Subject of Health Department
of Huangshi City of China (no. 2012-139).

References

1. Libby P, Ridker PM and Maseri A: Inflammation and athero-
sclerosis. Circulation 105: 1135-1143, 2002.

2. Hansson GK: Inflammation, atherosclerosis, and coronary artery
disease. N Engl J Med 352: 1685-1695, 2005.

3. Ingelsson E, Schaefer EJ, Contois JH, McNamara JR, Sullivan L,
Keyes MI, et al: Clinical utility of different lipid measures for
prediction of heart disease in men and women. JAMA 298:
776-785, 2007.

4. Siasos G, Tousoulis D, Oikonomou E, Zaromitidou M, Stefanadis C
and Papavassiliou AG: Inflammatory markers in hyperlipidemia:
from experimental models to clinical practice. Curr Pharm Des 17:
4132-4146,2011.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 4: 1124-1126, 2012

5. Wang H, Bloom O, Zhang M, Vishnubhakat JM, Ombrellino M,
Che J, et al: HMG-1 as a late mediator of endotoxin lethality in
mice. Science 285: 248-251, 1999.

6. Scaffidi P, Misteli T and Bianchi ME: Release of chromatin
protein HMGBI1 by necrotic cells triggers inflammation. Nature
418: 191-195, 2002.

7. Yan XX, Lu L, Peng WH, Wang LJ, Zhang Q, Zhang RY, et al:
Increased serum HMGBI level is associated with coronary
artery disease in nondiabetic and type 2 diabetic patients.
Atherosclerosis 205: 544-548, 2009.

8. Hu X, Jiang H, Bai Q, Zhou X, Xu C,Lu Z, et al: Increased serum
HMGBL is related to the severity of coronary artery stenosis.
Clin Chim Acta 406: 139-142, 2009.

9. Ding HS and Yang J: High mobility group box-1 and cardio-
vascular diseases. Saudi Med J 31: 486-489, 2010.

10. Kohno T, Anzai T, Naito K, Miyasho T, Okamoto K, Yokota H,
et al: Role of high-mobility group box 1 protein in post-infarction
healing process and left ventricular remodelling. Cardiovasc Res
81: 565-573, 20009.

11. HarabaR, Suica VI, Uyy E, Ivan L and Antohe F: Hyperlipidemia
stimulates the extracellular release of the nuclear high mobility
group box 1 protein. Cell Tissue Res 346: 361-368, 2011.

12. Kalinina N, Agrotis A, Antropova Y, DiVitto G, Kanellakis P,
Kostolias G, et al: Increased expression of the DNA binding
cytokine HMGBI in human atherosclerotic lesions. Arterioscler
Thromb Vasc Biol 24: 2320-2325, 2004.

13. Inoue K, Kawahara KI, Krishna K, Ando K, Mitsudo K,
Nobuyoshi M and Maruyama I: HMGBI1 expression by activated
vascular smooth muscle cells in advanced human atherosclerosis
plaques. Cardiovasc Pathol 16: 136-143, 2007.

14. Niccoli G, Biasucci LM, Biscione, Fusco B, Porto I, Leone AM,
et al: Independent prognostic value of C-reactive protein and
coronary artery disease extent in patients affected by unstable
angina. Atherosclerosis 196: 779-785, 2008.

15. Arroyo-Espliguero R, Avanzas P, Quiles J and Kaski JC:
Predictive value of coronary artery stenoses and C-reactive
protein levels in patients with stable coronary artery disease.
Atherosclerosis 204: 239-243, 2009.

16. Musial J, Undas A, Gajewski P, Jankowski M, Sydor W and
Szczeklik A: Anti-inflammatory effects of simvastatin in subjects
with hypercholesterolemia. Int J Cardiol 77: 247-253, 2001.

17. Ascer E, Bertolami MC, Venturinelli ML, Buccheri V, Souza J,
Nicolau JC, et al: Atorvastatin reduces proinflammatory markers
in hypercholesterolemic patients. Atherosclerosis 177: 161-166,
2004.

18. Hu X, Fu W and Jiang H: HMGBI: A potential therapeutic target
for myocardial ischemia and reperfusion injury. Int J Cardiol
155: 489-489, 2012.

19. Wang L, Zhang X, Liu L, Yang R, Cui L and Li M: Atorvastatin
protects rat brains against permanent focal ischemia and
downregulates HMGB1, HMGBI receptors (RAGE and TLR4),
NF-kappaB expression. Neurosci Lett 471: 152-156, 2010.

20. Yang J, Huang C, Yang J, Jiang H and Ding J: Statins attenuate
high mobility group box-1 protein-induced vascular endothelial
activation: a key role for TLR4/NF-«B signaling pathway. Mol
Cell Biochem 345: 189-195, 2010.

21. Blumenthal RS and Boltlmore MD: Statins: effective antiathero-
sclerotic therapy. Am Heart J 139: 577-583, 2000.


https://www.spandidos-publications.com/10.3892/etm.2012.732

