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Brain natriuretic peptide: A potential indicator of cardiomyogenesis
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Abstract: We observed in a pilot study that there was a transient elevation of brain natriuretic peptide (BNP) level shortly after
the transplantation in the patient with ischemic heart failure, which is unexplainable by the simultaneous increase of the cardiac
output and six-minute walk distance. Similar findings were observed in the phase I trial. We postulated on the basis of the finding
of Fukuda in vitro that this transient elevation of BNP level against the improvement of cardiac function and exercise capacity
might indicate cardiomyogenesis in patients after mesenchymal stem cell transplantation. Further study is warranted to verify the
hypothesis.
Key words: Mesenchymal stem cell transplantation, Brain natriuretic peptide, Cardiac function, Exercise capacity, Cardiomyogenesis
doi:10.1631/jzus.2006.B0766
Document code: A
CLC number: R54

Despite the evidence of autologous mesenchymal stem cells (MSCs) augmenting angiogenesis in
ischemic area of myocardial infarction in animal
model (Wang et al., 2004; Tang et al., 2004), the
results of cardiomyogenesis are controversial and
debatable. Currently, there are two methods to label
the differentiation of MSCs into cardiomyocytes. The
immunostaining of sarcomeric alpha-actinin and cardiac troponin T of infarct area were reportedly used to
assess newly expressed cardiac muscle proteins
(Shake et al., 2002). The magnetic resonance fluoroscopy could help to deliver MSCs into the infarcted
area in swine model (Dick et al., 2003). Nevertheless,
these biomarkers appeared not practical in human
studies. In a pilot study of MSCs in ischemic heart
failure patients, we observed that there was a transient
elevation of brain natriuretic peptide (BNP) in one
patient (with hypertension, atrial fibrillation, diabetes,
and heart failure, NYHA III) at 1.5 months during
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follow-up (BNP: 341 vs 276 pg/ml), which did not
parallel the improvement of symptoms, increase of
six-minute walk distance (540 vs 495 m) and the
metabolic gas exchange measurements (cardiac output: 3.0 vs 2.1 L/min; cardiac index: 1.7 vs 1.2;
oxygen uptake: 0.302 vs 0.278 L/min). At the sixth
month after transplantation the BNP level was lower
than the baseline level before MSC transplantation
(223 vs 276 pg/ml) and the end diastolic ventricular
diameter was decreased (6.18 vs 7.59 cm). On the
contrary, in a patient with prior ischemic heart failure,
his BNP level was normal at baseline and had not
increased after transplantation. Similarly, in a patient
treated with optimal drug therapy (diuretics, digoxin,
metoprolol, angiotensin receptor blocker, spironolactone, and statin) but without MSC transplantation, he presented gradual reduction of BNP during
the follow up.
BNP is generally regarded as the prognostic
factor in heart failure patients. It is a common knowledge that BNP is secreted after stimulus of ventricular
myocardium stretch and ischemia (Li and Wang,
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2005). However, Fukuda found that the MSCs may
secret ANP (atrial natriuretic peptide) and BNP in
vitro (Fukuda, 2002). We therefore postulated that if
the MSCs differentiated into cardiomyocytes, they
would have characteristics of cardiomyocytes, such
as contraction and paracrine. The new cardiomyocytes would express BNP when they had stimulus
from the infarcted tissue. The improvement of
microcirculation, inhibition of fibrosis and prevention
of further ventricular remodelling could be attributable to the paracrine of BNP (Fig.1).
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Fig.1 Illustration of the role of BNP in ventricular
remodelling after autologous mesenchymal stem cell
transplantation

Under this hypothesis, in a randomized clinical
trial of MSCs transplantation compared to conventional drug therapy, a gradual reduction of BNP level
should be expected in the drug group; meanwhile, a
transient elevation of BNP level should be observed
in MSCs group shortly after the transplantation. The
delayed reduction of BNP in MSCs group should be
the net outcome of the combined therapies.
In our phase I trial of mesenchymal stem cell
transplantation (n=10, mean age=58, range from 36 to
72 years old, male:female=8:2), we found that during
6 months follow-up after stem cell transplantation, 4
patients had elevated serum BNP levels at the sixth
month while their ejection fraction, six-minute walk
distance and cardiac output values were improved
compared to their corresponding baseline values. At
the sixth month, the mean BNP level was not significantly changed compared to the baseline value
(404.37±68.17 pg/ml vs 702.01±211.71 pg/ml,
P=0.163); the mean left ventricular ejection fraction
increased although the statistical analysis did not
reach significant (38.83%±5.14% vs 31.45%±3.66%,
P=0.059); and the mean cardiac output trended to
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increase compared to the baseline values before the
transplantation (at rest: 3.10±0.29 L/min vs 2.21±0.23
L/min, P=0.063). The mean six-minute walk distances were significantly increased at the sixth month
compared to the baseline values before the MSC
transplantation (522.25±25.89 m vs 472.85±26.05 m,
P=0.004). Data of 12 months follow-up of these patients were not available yet in this study.
It should be stressed that the survival and differentiation of stem cells into cardiomyocyte are not
consistent with each other at a certain time spot as we
expected. The labelling of biomarker in animal models indicating the emerging of those characteristic
proteins of new cardiomyocytes varied around 2
weeks to 6 months. Even at the sixth month, these
cardiomyocytes might not be completely matured
(Dai et al., 2005).
Despite the importance, the ideal biomarker of
engraftment of MSCs in vivo is lacking currently
(Pittenger and Martin, 2004). In the autologous mesenchymal stem cell transplantation, because MSCs
avoid autoimmune rejection, the transient elevation of
BNP level observed along with the improvement of
cardiac function and exercise capacity might indicate
cardiomyogenesis after transplantation.
References
Dai, W.D., Hale, S.L., Martin, B.J., Kuang, J.Q., Dow, J.S.,
Wold, L.E., Kloner, R.A., 2005. Allogenic mesenchymal
stem cell transplantation in postinfarcted rat myocardium:
short- and long-term effects. Circulation, 112(2):214-223.
[doi:10.1161/CIRCULATIONAHA.104.527937]

Dick, A.J., Guttman, M.A., Raman, V.K., Peters, D.C., Pessanha, B.S., Hill, J.M., Smith, S., Scott, G., McVeigh,
E.R., Lederman, R.J., 2003. Magnetic resonance fluoroscopy allows targeted delivery of mesenchymal stem
cells to infarct borders in Swine. Circulation,
[doi:10.1161/01.CIR.0000095790.
108(23):2899-2904.
28368.F9]

Fukuda, K., 2002. Reprogramming of bone marrow mesenchymal stem cells into cardiomyocytes. C. R. Biol.,
325(10):1027-1038.
Li, N., Wang, J.A., 2005. Brain natriuretic peptide and optimal
management of heart failure. J. Zhejiang Univ. SCIENCE,
6B(9):877-884. [doi:10.1631/jzus.2005.B0877]
Pittenger, M.F., Martin, B.J., 2004. Mesenchymal stem cells
and their potential as cardiac therapeutics. Circulation
Research, 95(1):9. [doi:10.1161/01.RES.0000135902.
99383.6f]

Shake, J.G., Gruber, P.J., Baumgartner, W.A., Senechal, G.,
Meyers, J., Redmond, J.M., Pittenger, M.F., Martin, B.J.,
2002. Mesenchymal stem cell implantation in a swine

768

Li et al. / J Zhejiang Univ SCIENCE B 2006 7(9):766-768

myocardial infarct model: engraftment and functional
effects. Ann. Thorac. Surg., 73(6):1919-1926. [doi:10.
1016/S0003-4975(02)03517-8]

Tang, Y.L., Zhao, Q., Zhang, Y.C., Cheng, L., Liu, M., Shi, J.,
Yang, Y.Z., Pan, C., Ge, J., Phillips, M.I., 2004.
Autologous mesenchymal stem cell transplantation induce VEGF and neovascularization in ischemic myocar-

dium. Regul. Pept., 117(1):3-10. [doi:10.1016/j.regpep.
2003.09.005]

Wang, J.A., Li, C.L., Fan, Y.Q., He, H., Sun, Y., 2004. Allograft bone marrow-derived mesenchymal stem cells
transplanted into heart infarcted model of rabbit to renovate infarcted heart. J. Zhejiang Univ. SCIENCE, 5(10):
1279-1285. [doi:10.1631/jzus.2004.1279]

Editors-in-Chief: Pan Yun-he & Peter H. Byers
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online), monthly

Journal of Zhejiang University
SCIENCE B

www.zju.edu.cn/jzus; www.springerlink.com
jzus@zju.edu.cn

JZUS-B focuses on “Biomedicine, Biochemistry & Biotechnology”
JZUS-B online in PMC: http://www.pubmedcentral.nih.gov/tocrender.fcgi?journal=371&action=archive

JZUS-B has been added to the PubMed Central (PMC) archive:
JZUS-B is indexed and abstracted by the famous database MEDLINE, and has also been accepted
by PubMed Central (PMC) which is a new core full text-online database of MEDLINE in Life Science
Periodicals and today, is among 221 Biology and Science journals accepted by PMC. JZUS-B is the
only one from China in PMC currently.
JZUS-B has linked its website (http://www.zju.edu.cn/jzus) to:
SpringerLink: http://www.springerlink.com.
CrossRef: http://www.crossref.org (doi:10.1631/jzus.xxxx.Bxxxx);
MEDLINE: http://www.ncbi.nlm.nih.gov/PubMed;
Therefore, your latest research would be rapidly spread on-line and read by researchers in biology
and medicine area in the world.
JZUS-B has an International Editorial Board, International Peer Review System, International
Author-Pool and International Network, all of which are highly appraised by MEDLINE, Ei and SCI,
etc.

Contribution requests
(1) Electronic manuscript should be sent to jzus@zju.edu.cn only. If you have any questions,
please feel free to visit our website (http://www.zju.edu.cn/jzus) and hit “For Authors”.
(2) English abstract should include Objective, Method, Result and Conclusion.
(3) Tables and figures could be used to prove your research results.
(4) Full text of the Science Letters should be in 3~4 pages. The length of articles and reviews is not
limited.
(5) Please visit our website (http://www.zju.edu.cn/jzus/pformat.htm) to see paper format.

