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OVERVIEW

Cardiac endocrine Function: Heart is an endocrine 
organ besides a mechanical pump for circulation. 
This endocrine function was identified when atrial 
natriuretic peptide (ANP) was discovered as a first 
natriuretic peptide.1 Subsequent studies discovered 

two other natriuretic peptides, Brain (or B-type) 
natriuretic peptide (BNP) and C-type natriuretic 
peptide (CNP), with the homologous sequence and 
structure.2,3  BNP  was first detected from brain 
tissue , but later on was found to be mainly of cardiac 
origin.2,4 CNP is mainly produced by endothelial 
cells.3 ANP and BNP exert natriuretic, diuretic and 
vasodilatory effects while CNP causes smooth 
muscle relaxation in the peripheral vasculature.3,5

	 Cardiac natriuretic peptides are released into the 
blood in response to stretch or ischaemia of cardiac 
chambers.  BNP is released predominantly by the 
cardiac ventricles and ANP by atria. 6 After being 
released into the interstitial space, these cardiac 
peptides flow either into the coronary sinus through 
the capillary network or into the pericardial space 
through the lymphatic channels.7 After releasing 
into the circulation, these peptides serve to 
unload heart through the  natriuretic, diuretic and 
vasodilatory effects.1,2,5
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SUMMARY
Seventeen and a half million deaths occur every year due to cardiovascular diseases across the 
world and one in three deaths in the world are caused by cardiovascular diseases such as, heart 
attack or heart failure according to WHO. Improved diagnosis and risk stratification of patients 
with the left ventricular dysfunction can help in preventing the major cause of death. This 
article review was the results of recent clinical studies relating to various heart diseases with 
the ventricular cardiac peptides such as B-type natriuretic peptide (BNP) and amino terminal 
B-type natriuretic peptide (NT-proBNP) levels as potential markers of diastolic and systolic left 
ventricular dysfunction.
Sources of Data/Study selection: Data from survey reports, descriptive, cross-sectional and 
longitudinal studies published between 1981-2011 on the topic were included. Data searches 
based on human and animal studies were included.
Data Extraction: The data was extracted from online resources of World Heart Failure 
Society, Heart Failure Society of America, World Heart Federation, The MEDLINE, the internet 
(e-medicine, medscape resource centre).
Conclusion: Analysis of these ventricular peptides appears to be a potential approach for 
elucidation of the pathophysiology of the heart.
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Ventricular peptides & cardiac function

	 BNP is synthesized as an inactive prohormone 
(108 amino acids). It is then split into the active 
hormone BNP (32 amino acids) and the inactive 
N-terminal pro-BNP (NT-proBNP) (78 amino acids) 
with an equimolar ratio. Although NT-proBNP is 
biologically inactive but is more stable due to longer 
half life of 90-120 minutes as compared to BNP (20-
22 minutes). BNP and NT-proBNP appeared to be 
equivalent diagnostic and prognostic markers.8

Cardiac peptides and left ventricular dysfunction: 
This cardiac peptides can provide information 
about some pathophysiological mechanisms 
occurring in myocardial dysfunction, heart failure, 
and other cardiovascular diseases.9 It has been 
reported that plasma levels of ANP and BNP are 
elevated in patients with various heart diseases 
including cardiomyopathy and ischemic heart 
disease.5,6,10 Since BNP is released predominantly 
by the cardiac ventricles and ANP by atria, so 
the increased secretion of BNP from the left 
ventricle (LV) is the indicator of the severity of  
left ventricular dysfunction.6 Hence, LV function 
may be assessed by the measurement of plasma 
BNP levels.10 Several studies have concluded that 
plasma BNP concentration is a useful indicator of 
prognosis in patients of cardiovascular disease  
with LV dysfunction or hypertrophy.10 NT-
proBNP due to more stability, might be a more 
appropriate marker of milder LV dysfunction 
than BNP.8 The high sensitivity of NT-proBNP 
allows also the detection of mild forms of cardiac 
dysfunction in asymptomatic patients with 
structural heart disease.8,11,12 Elevated plasma levels 
of NT-pro-BNP have also been reported to predict 
a greater incidence of asymptomatic left ventricular 
dysfunction in diabetic patients and by starting 
appropriate treatment adverse outcomes can be 
prevented.13

Echocardiography vs. cardiac peptide: Initially 
diagnosis of LV dysfunction was based on clinical 
signs and symptoms which are supported by ECG, 
chest X-ray, and echocardiography, but for the 
last three decades, addition of plasma natriuretic 
peptides have supplemented the diagnosis.14 
Although echocardiography is considered to be the 
gold-standard in assessing LV dysfunction, but the 
cost and limited availability and trained personal 
might be prohibitive.15 So in clinical and laboratory 
practice these two major natriuretic peptides, BNP 
and NTproBNP, may be used as plasma biochemical 
markers for the screening, diagnosis and treatment 
of LV dysfunction.14 BNP levels in plasma showed 
significant correlation with left ventricular function 

variables  i.e. LVEF, LVEDVI and LVESVI  measured 
by echocardiography.16 William et al compared 
plasma N-brain natriuretic peptide (N-BNP), with 
echocardiographic left ventricular ejection fraction 
(LVEF), with aerobic exercise capacity (peak oxygen 
consumption [VO(2)]) in patients with chronic heart 
failure. The results suggesed that N-BNP reflects 
functional cardiac impairment better than LVEF 
because of significant correlation with peak VO(2).17

Systolic and diastolic dysfunction: Earlier studies 
reported that BNP may be used in the Emergency 
Department as a marker of acute and chronic LV 
dysfunction.18,19 These natriuretic peptide levels 
are indicators of both LV systolic and diastolic 
dysfunction.16 It has been demonstrated that the 
key mechanical stimulus for cardiac BNP release is 
the LV end-systolic wall stress.20 BNP has been used 
as a prognostic marker of LV systolic dysfunction 
following acute myocardial infarction.10 It has 
been reported that after myocardial infarction, 
LV systolic function is decreased which may be 
partly compensated by myocardial hypertrophy. 
This myocardial hypertrophy provides a stimulus 
for the synthesis and release of increased amount 
of BNP.21 It has been demonstrated that elevated 
plasma BNP levels are found in post infarction 
patients when compared to patients with no history 
of MI. Even these elevated levels would be useful 
for the detection of asymptomatic LV dysfunction.22 
Watanabe et al concluded that BNP levels are to 
be sensitive and accurate indicators of LV diastolic 
dysfunction. In heart failure LV remodelling occurs 
leading to myocytes hypertrophy and interstitial 
fibrosis, which in turn causes LV stiffness and 
diastolic dysfunction. BNP, due to its antifibrotic 
effect through the inhibition of DNA synthesis in 
cardiac myocytes and cardiac fibroblasts tends to 
improve LV diastolic dysfunction.23

Myocardial Ischaemia: Plasma levels of BNP may 
rise during myocardial ischaemia.24,25 Hypoxia 
induces the synthesis and secretion of BNP in 
human ventricular myocytes, likely through 
hypoxia induced factor -1 (HIF-1)-enhanced 
transcriptional activity.26 Bassan et al demonstrated 
a negative predictive value (NPV) of 94.8% for 
the diagnosis of acute myocardial infarction. This 
strong NPV of natriuretic peptide level can be 
used to rule out the disease.27 In the acute phase 
of myocardial infarction, BNP and NT-proBNP 
release is predominantly stimulated by ischemia, 
although in stable conditions, permanent wall 
stretch is the main mechanism.28,29  It is  suggested 
that measurement of NT-proBNP 3 months after 
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myocardial infarction is a better indicator of left 
ventricular function  as compared to NT-proBNP in 
the acute phase.30 This may be due to the fact that 
ischemia in the acute phase  may cause transient 
myocardial wall tension and stretch without 
overload of the left ventricle, whereas myocardial 
damage may cause permanent wall stretch.28

	 A multicenter evaluation was performed to assess 
the practicability, and the analytical and clinical 
performance of a new point-of-care testing (POCT) 
PATHFAST NT-proBNP assay and the satisfactory 
results suggested that NT-proBNP would be a 
reliable tool in clinical practice, in the emergency 
setting as well as in the central laboratory.31 Elevated 
resting BNP levels in the patients with pacemaker 
implantation, reflected that there should be a limit 
for daily physical activity. 32

Pericardial fluid Vs. serum cardiac peptides: 
Previous studies have reported that high cardiac 
natriuretic peptide concentrations in pericardial 
fluid (almost 12 fold greater) than does plasma.16,23 
This may be due to the fact that natriuretic 
peptides are secreted more predominantly into the 
pericardial space rather than into the blood stream, 
and have relatively shorter half-life in plasma.  In 
addition to that their plasma levels are rapidly and 
greatly changed by various factors like exercise, 
body position, volume overload, and medication.16 
Thus, pericardial fluid BNP levels may have more 
prognostic and therapeutic values.16,23 But due to 
the difficulty in collecting the pericardial fluid by 
pericardiocentesis except in some pathological 
conditions like pericardial effusion serum and 
plasma levels are more suitable.7 As it is also stated 
by Wang et al that the most suitable sample type 
for NT-proBNP and BNP detection was serum and 
EDTA-anticoagulant plasma.33

Therapeutic implication of cardiac peptides:  For 
the therapeutic use, the B-type natriuretic peptide 
may be used by either administration of BNP or 
inhibition of (enzymatic) clearance of NP. It has 
been seen that recombinant human BNP (nesiritide) 
and vasopeptidase inhibitors are used to treat 
heart failure. Nesiritide, a recombinant human 
BNP, has been shown to provide symptomatic 
and haemodynamic improvement in acute 
decompensated heart failure.34 Inhibition of the 
clearance enzyme neutral endopeptidase (NEP) is 
another promising way for increasing natriuretic 
peptide level. In addition to this, a new class of 
drugs, so-called vasopeptidase inhibitors, are also 
used.35

CONCLUSION

	 The biomarker of cardiac function, ventricular 
natriuretic peptides BNP/NT-proBNP being 
discussed in this review are promising and might 
lead to improved diagnosis and risk stratification of 
patients with left ventricular dysfunction, however 
their clinical application requires further studies.

ACKNOWLEDGEMENT

	 The valued assistance and support of Dr. 
Masatoshi Fujita from Kyoto University of Japan, 
Dr. Shahid A Sami from South City Hospital 
of Karachi and Dr. Kamran Hameed from 
Ziauddin University of Karachi are gratefully 
acknowledged.

REFERENCES

1.	 de Bold AJ, Borenstein HB, Veress AT, Sonnenberg H. 
A rapid and potent natriuretic response to intravenous 
injection of atrial myocardial extract in rats. Life Sci 
1981;28:89-94.

2.	 Sudoh T, Kangawa K, Minamino N, Matsuo H. A new 
natriuretic peptide in porcine brain. Nature 1988;332:78-81.

3.	 Suga S, Nakao K, Itoh H, Komatsu Y, Ogawa Y, 
Hama N, Imura H. Endothelial production of C-type 
natriuretic peptide and its marked augmentation by 
transforming growth factor-beta. Possible existence 
of “vascular natriuretic peptide system”. J Clin Invest 
1992;90:1145-1149. 

4.	 Minamino N, Aburaya M, Ueda S, Kangawa K, Matsuo 
H. The presence of brain natriuretic peptide of 12,000 
daltons in porcine heart. Biochem Biophys Res Commun 
1988;155:740-746.

5.	 Mukoyama M, Nakao K, HosodaK, Suga S, Saito Y, 
Ogawa Y, et al. Brain natriuretic peptide as a novel cardiac 
hormone in humans: evidence for an exquisite dual 
natriuretic peptide system, atrial natriuretic peptide and 
brain natriuretic peptide. J Clin Invest 1991;87:1402-1412. 

6.	 Yasue H, Yoshimura M, Sumida H, Kikuta K, Kugiyama 
K, Jougasak Mi. Localization and mechanism of secretion 
of B-type natriuretic peptide in comparison with those of 
A-type natriuretic peptide in normal subjects and patients 
with heart failure. Circ J 1994;90:195-203. 

7.	 Fujita M, Masashi K, Koji H, Yasuki K, Ryuji N, Shigetake 
S. Review. Pericardial fluid as a new material for clinical 
heart, research. Int J Cardiol 2001;77:113–118.

8.	 Mueller T, Gegenhuber A, Poelz W, Haltmayer M. Head-
to-head comparison of the diagnostic utility of BNP and 
NT-proBNP in symptomatic and asymptomatic structural 
heart disease. Clin Chim Acta 2004;341:41-48. 

9.	 Clerico A, Recchia FA, Passino C, Emdin M. Cardiac 
endocrine function is an essential component of the 
homeostatic regulation network: physiological and clinical 
implications AJP - Heart 2006;290(1):H17-H29.

10.	 Omland T, Aakvaag A, Bonarjee VVS, Caidahl K, Lie RT, 
Nilsen DWT, et al. Plasma brain natriuretic peptide as an 
indicator of left ventricular systolic function and long-term 
survival after acute myocardial infarction: comparison with 
plasma atrial natriuretic peptide and n-terminal proatrial 
natriuretic peptide. Circ J 1996;93:1963-1969. 

Sofia Amjad et al.



   Pak J Med Sci   2012   Vol. 28   No. 3      www.pjms.com.pk   555

11.	 Prontera C, Emdin M, Zucchelli GC, Ripoli A, Passino C, 
Clerico A. Analytical performance and diagnostic accuracy 
of a fully-automated electrochemiluminescent assay for the 
N-terminal fragment of the pro-peptide of brain natriuretic 
peptide in patients with cardiomyopathy: comparison with 
immunoradiometric assay methods for brain natriuretic 
peptide and atrial natriuretic peptide. Clin Chem Lab Med 
2004;42:37-44.

12.	 Seino Y. Application of NT-proBNP and BNP 
measurements in cardiac care: a more discerning marker 
for the detection and evaluation of heart failure. Eur J Heart 
Fail 2004;6(3):295-300.

13.	 Magnusson M, Melander O, Israelsson  B, Grubb A, Groop 
L, Jovinge S. Elevated plasma levels of Nt-proBNP in 
patients with type 2 diabetes without overt cardiovascular 
disease. Diabetes Care 2004;27:1929–1935.

14.	 Clerico A, Del Ry S, Giannessi D. Measurement of cardiac 
natriuretic hormones (atrial natriuretic peptide, brain 
natriuretic peptide, and related peptides) in clinical 
practice: the need for a new generation of immunoassay 
methods. Clin Chem 2000;46(10):1529-1534.

15.	 Gibson PH, Croal BL, Cuthbertson BH, Rae D, McNeilly 
JD, Gibson G, et al. Use of preoperative natriuretic 
peptides and echocardiographic parameters in predicting 
new-onset atrial fibrillation after coronary artery bypass 
grafting: a prospective comparative study. Am Heart J 
2009;158:244-251.

16.	 Tanaka T, Hasegawa K, Fujita M, Tamaki S, Yamazato 
A, Kihara Y, et al. Marked elevation of brain natriuretic 
peptide levels in pericardial fluid is closely associated 
with left ventricular dysfunction. J Am Coll Cardiol 
1998;31:399-403.

17.	 Williams SG, Ng LL, O’Brien RJ, Taylor S, Li YF, Tan 
LB. Comparison of plasma N-brain natriuretic peptide, 
peak oxygen consumption, and left ventricular ejection 
fraction for severity of chronic heart failure. Am J Cardiol 
2004;93(12):1560-1561.

18.	 Maisel AS, Krishnaswamy P, Nowak RM, McCord J, 
Hollander JE, Duc P, et al. Rapid measurement of B-type 
natriuretic peptide in the emergency diagnosis of heart 
failure. New Eng J Medicine 2002;347:161-167.

19.	 Morrison LK,  Harrison A, Krishnaswamy P, Kazanegra R, 
Clopton P, Maisel A. Utility of a rapid B-natriuretic peptide 
assay in differentiating congestive heart failure from lung 
disease in patients presenting with dyspnea. J Am Coll 
Cardiol 2002;39(2):202-209.

20.	 Maeder MT,  Mariani JA,  Kaye DM. Hemodynamic 
Determinants of Myocardial B-Type Natriuretic Peptide 
Release Relative Contributions of Systolic and Diastolic 
Wall Stress Hypertension 2010;56:682-689.

21.	 Clerico A, Del Ry S, Giannessi D. Measurement of cardiac 
natriuretic hormones (atrial natriuretic peptide, brain 
natriuretic peptide, and related peptides) in clinical 
practice: the need for a new generation of immunoassay 
methods. Clin Chem 2000;46(10):1529-1534.

22.	 Rauli K, Ilkka T, Olli V, Lauri T, Mika L. Plasma and 
pericardial fluid natriuretic peptide levels in postinfarction 
ventricular dysfunction. European J Heart Failure 
2000;3(1):21-26.

23.	 Watanabe M, Kawaguchi S, Nakahara H, Hachimaru T. The 
Roles of Natriuretic Peptides in Pericardial Fluid in Patients 
with Heart Failure .Clin. Cardiol 2009;32(3):159–163.

24.	 Ruck A,  Gustaffson T, Norrborn J, Nowak J, Kallner G, 
Soderberg M, et al S. ANP and BNP but not VEGF are 
regionally over expressed in ischemic human myocardium 
Biochemical and Biophysical Research Communications 
2004;322:287-291.

25.	 Marumoto K, Hamada M, Hiwada K. Increased secretion 
of atrial and brain natriuretic peptides during acute 
myocardial ischaemia induced by dynamic exercise 
in patients with angina pectoris Clinical Science 
1995;88:551-556.

26.	 Casals G, Ros J, Sionis A, Mercy M. Davidson MM, Morales-
Ruiz1 M, et al. Hypoxia induces B-type natriuretic peptide 
release in cell lines derived from human cardiomyocytes. 
AJP - Heart 2009;297(2):H550-H555.

27.	 Bassan R,  Potsch A,  Maisel A,  Tura B,  Villacorta H, 
Nogueira MV, et al. B-type natriuretic peptide: a novel early 
blood marker of acute myocardial infarction in patients 
with chest pain and no ST-segment elevation European 
Heart J 2005;26:234-240.

28.	 Lindahl B, Lindback J, Jernberg T, Johnston N, Stridsberg 
M, Venge P, et al. Serial analysis of N-terminal pro-B-type 
natriuretic peptide with non ST-segment elevation acute 
coronary syndromes: A Fragmin and Fast Revascularisation 
during Instability in Coronary Artery Disease (FRISC)eII 
substudy. J Am Coll Cardiol 2005;45:533-541.

29.	 Bibbins-Domingo K, Ansari M, Schiller NB, Massie B, 
Whooley MA. B-type natriuretic peptide and ischemia in 
patients with stable coronary disease. Data from the Heart 
and Soul study. Circulation 2003;108:2987-2992.

30.	 Mistry N, Abdelnoor M, Seljeflot I, Hoffmann P, Bohmer E, 
Bjornerheim R, et al. Amino-terminal pro-B-type natriuretic 
peptide (NT-proBNP) levels 3 months after myocardial 
infarction are more strongly associated with magnetic 
resonance-determined ejection fraction than NTproBNP 
levels in the acute phase. J Card Fail 2011;17:479-486.

31.	 Zaninotto M, Mion MM, Di Serio F, Caputo M, Ottomano 
C, Plebani M. PATHFAST NT-proBNP (N-terminal-pro 
B type natriuretic peptide): a multicenter evaluation 
of a new point-of-care assay. Clin Chem Lab Med 
2010;48(7):1029-1034.

32.	 Wu X, Seino Y, Ogura H, Fukuma N, Katoh T, Takano 
T. Plasma natriuretic peptide levels and daily physical 
activity in patients with pacemaker implantation. Jpn Heart 
J 2001;42(4):471-482.

33.	 Wang WJ, Zhang XM, Wang Q, Wen DM, Ouyang NL, 
Cui YL, Li F Amino-terminal pro-brain natriuretic peptide 
and brain natriuretic peptide measurements under various 
detection conditions in patients with chronic heart failure. 
Zhonghua Xin Xue Guan Bing Za Zhi 2011;39(8):695-699.

34.	 Abraham WT, Cheng ML, Smoluk G. Clinical and 
hemodynamic effects of nesiritide (B-type natriuretic 
peptide) in patients with decompensated heart failure 
receiving beta blockers. Congest Heart Fail 2005;11:59-64.

35.	 Daull P, Jeng AY, Battistini B. Towards triple vasopeptidase 
inhibitors for the treatment of cardiovascular diseases. J 
Cardiovasc Pharmacol 2007;50:247-256.

Ventricular peptides & cardiac function

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Williams%20SG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ng%20LL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Brien%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taylor%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20YF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20LB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20LB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15194038?dopt=Abstract
http://hyper.ahajournals.org/search?author1=Micha+T.+Maeder&sortspec=date&submit=Submit
http://hyper.ahajournals.org/search?author1=Justin+A.+Mariani&sortspec=date&submit=Submit
http://hyper.ahajournals.org/search?author1=David+M.+Kaye&sortspec=date&submit=Submit
http://eurjhf.oxfordjournals.org/search?author1=Rauli+Klemola&sortspec=date&submit=Submit
http://eurjhf.oxfordjournals.org/search?author1=Ilkka+Tikkanen&sortspec=date&submit=Submit
http://eurjhf.oxfordjournals.org/search?author1=Lauri+Toivonen&sortspec=date&submit=Submit
http://eurjhf.oxfordjournals.org/search?author1=Mika+Laine&sortspec=date&submit=Submit
http://eurjhf.oxfordjournals.org/content/3/1.toc
http://ajpheart.physiology.org/search?author1=Gregori+Casals&sortspec=date&submit=Submit
http://ajpheart.physiology.org/search?author1=Josefa+Ros&sortspec=date&submit=Submit
http://ajpheart.physiology.org/search?author1=Alessandro+Sionis&sortspec=date&submit=Submit
http://ajpheart.physiology.org/search?author1=Mercy+M.+Davidson&sortspec=date&submit=Submit
http://ajpheart.physiology.org/search?author1=Manuel+Morales-Ruiz&sortspec=date&submit=Submit
http://ajpheart.physiology.org/search?author1=Manuel+Morales-Ruiz&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zaninotto%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mion%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Di%20Serio%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caputo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ottomano%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ottomano%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Plebani%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20406130
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seino%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogura%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukuma%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katoh%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takano%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takano%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11693283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11693283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20XM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wen%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouyang%20NL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cui%20YL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/22169413

