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The term “serendipity” means occurrence of an unplanned, 
fortunate discovery, hence it is often used to describe 
interesting findings made by chance rather than planning. 
Etymologically, the word “serendipity” originates in the 
Persian fairy tale “The Three Princes of Serendip”, in which 
the protagonists repeatedly make discoveries by accident 
and keen judgement. The word is reference to the land 
“Serendip”, an ancient name for Sri Lanka. In modern 
times, serendipity has led to remarkable inventions, such as 
the Post-It® note, the microwave oven or the popsicle (1).

Over the centuries, serendipity has also played an 
outstanding role in the history of drug discovery. A classic 
example known to every medical student, is the discovery 
of penicillin in 1928 by Scottish scientist Alexander 
Fleming, who noticed antibacterial properties of a blue-
green mold which had formed in a petri dish containing 
staphylococci that had been left open accidentally. Upon 
closer examination of the petri dish, Fleming discovered 
a halo of inhibited bacterial growth around the mold and 
concluded that the mold must have released some kind of 
antibacterial substance which stopped bacterial growth. In 
December 1945, he was awarded the Nobel Prize for his 
discovery (2).

Serendipity and “thinking outside the box”, also 
boosted discoveries in cardiovascular (CV) medicine. 
The development of cardiac catheterization procedure 
is another fitting example. The first human practice of 
this technique is attributed to Werner Forssmann, who 
performed a catheterization of the right heart on himself 
and documented the successful endeavor by obtaining a 
chest X-ray showing the catheter located in the right atrium 

of his heart. Forssmann, who was initially severely rebuked 
by the head of his department for doing so, paved the way 
for modern catheterization techniques developed by Melvin 
Judkins and Andreas Grüntzig in the decades to come, and 
was also awarded the Nobel Prize years later (3).

However, as history shows, discoveries were often 
hindered by leading clinicians of their times who praised 
dogma over use of new, experimental techniques in clinical 
practice. For example, in the early 1960s, the Chair of 
Internal Medicine at the University of Zürich warned 
students about Swedish surgeon Åke Senning that “this 
dangerous young man from Sweden (…) cuts into the heart 
without any of the respect for this organ (…)”, although Åke 
Senning was to become a pioneering cardiac surgeon (4).

Suppression of tumorigenicity 2 (ST2) in the 
field of immunity and heart failure (HF)

In the field of biomarker diagnostics, the protein “soluble 
suppression of tumorigenicity 2” (sST2) and its application 
in patients with HF is another example of serendipity. Over 
the last two decades, sST2 has attracted increasing scientific 
attention and was recognized as a biomarker for diagnosis 
and risk stratification of patients with HF, as recommended 
in the 2013 ACCF/AHA Guidelines for the Management of 
Heart Failure (5).

When sST2 was first discovered in 1989 in two 
laboratories investigating growth-stimulated fibroblasts, its 
functional properties remained largely unknown, despite its 
structural similarity to the interleukin-1 (IL-1) receptor (6).  
In fact, it took researchers until 2005 to identify IL-33 
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as the functional ligand for ST2L, the membrane-bound 
isoform of sST2 (7). IL-33 is released in response to cellular 
stress, inflammatory processes or apoptosis, consequently 
inducing protective measures in adjacent cells (8). sST2 
is released in response to inflammatory cytokines, such as 
IL-1, IL-6 and tumor-necrosis factor alpha (TNFα) (9), 
binding to IL-33 and thusly attenuating cellular IL-33/
ST2L signaling. The finding, that sST2 acts as a “decoy 
receptor” for IL-33, supported the hypothesis that ST2 
elicits anti-inflammatory and immunomodulatory responses 
(10,11). However, a couple of years later, hemodynamic 
stress and strain to cardiomyocytes were identified as a 
second major trigger of sST2-secretion. This discovery led 
to multiple scientific investigations in the field of HF (12,13), 
CV diseases in general (14,15) and renal disease (16), which 
resulted in the current recommendation of the use of sST2 
for the risk stratification of patients with HF.

Carbohydrate antigen 125 (CA125) in oncology 
and HF

Another example for serendipity in biomarker diagnostics 
is the application of CA125 in CV diseases. CA125 is a 
glycoprotein of the mucin protein family, which is released 
from the outer cell membrane after proteolytic cleavage. 
First described in ovarian cancer cell lines, CA125 has been 
used as a biomarker for therapy monitoring in ovarian cancer 
patients for decades (17,18). In other forms of malignant 
diseases, such as lung cancer, teratoma and non-Hodgkin’s 
lymphoma (NHL) (19,20), elevated levels of CA125 have 
also been described. However, as CA125 is also secreted 
by pericardial and pleural tissues in response to stress, 
several publications reported elevated serum concentrations 
of CA125 in patients with decompensated HF (21,22). 
Furthermore, CA125 was recently associated with adverse 
outcomes in patients undergoing transcatheter aortic valve 
implantation (TAVI) (23,24). In fact, current research 
suggests that CA125 is also released by mesothelial cells 
in response to hemodynamic or inflammatory stimuli (25).  
Hence, CA125, which is broadly used in oncology, could 
offer additional diagnostic utility in patients with CV 
diseases.

The fact that CA125 has long been implemented in 
clinical practice offers advantages when compared to 
novel biomarkers. In fact, an important issue in biomarker 
diagnostics is applicability and reduction of costs. 
Laboratory analytics of novel protein-based biomarkers 
using assay systems done by hand, as performed in most 

clinical trials studying cardiac biomarkers, are time 
consuming, and require extensive technical and financial 
resources as well as personnel. These factors might hinder 
the more widespread use of novel biomarkers that have 
been discovered in translational research.

These issues can be easily circumvented when using 
laboratory markers such as CA125, as this biomarker is part 
of established routine diagnostic processes. Additionally, 
analysis using these biomarkers is considerably cheaper 
compared to cardiac biomarkers such as NT-proBNP (26).

Growth differentiation factor 15 (GDF15) in HF 
and adverse cardiac remodeling

GDF15 is a member of transforming growth factor-β 
superfamily member, which is an anti-inflammatory 
cytokine up-regulated locally with cardiac myocytes, 
activated mononuclear cells and released into the  
circulation (27). In physiological conditions the production 
of this cytokine is weak, consequently rather undetectable 
levels or lower concentrations of GDF15 can be identified 
in peripheral blood in healthy volunteers. The main stimuli 
for GDF15 synthesis and secretion are ischemia, hypoxia, 
inflammation, oxidative stress and injury (28). Elevated 
levels of GDF15 had been previously found in patients 
with HF, acute coronary syndrome/myocardial infarction 
(MI), atrial fibrillation/flutter, hypertrophic and dilated 
cardiomyopathy (29-32). Therefore, elevated levels of 
GDF15 were strongly associated with an increased rate of 
HF development. Recent clinical studies and several meta-
analyses have shown significant association between high 
(>1,800 ng/L) GDF15 values and all-cause mortality, CV 
mortality, other vascular and nonvascular deaths, sudden 
cardiac death, bleeding death, HF manifestation, major 
adverse cardiac events (MACEs), and recurrent MI (33-35).  
Moreover, having higher predictive ability compared 
to high-sensitive cardiac troponins, C-reactive protein, 
galectin-3, and cystatin C the increased circulating levels 
of GDF15 have predicted mortality independently of 
conventional CV risk factors and yielded additional 
incremental value to NT-proBNP (35). Acute HF/acutely 
decompensated HF patients with GDF15 ≥3,000 ng/mL 
had about two-fold increased risk of death when compared 
with those who had GDF15 <3,000 ng/mL regardless of left 
ventricular ejection fraction (LVEF) (36). However, elevated 
levels of both GDF15 and BNP at discharge from hospital 
were associated with the 2-year mortality risk increased 
over four-fold. Although patients with HF with reduced 
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ejection fraction (HFrEF) had exhibited higher circulating 
levels of GDF15 when compared to patients with HF with 
medium reduced ejection fraction (HFmrEF) and HF with 
preserved ejection fraction (HFpEF), GDF15 levels did not 
predict poor 1-year prognosis, but in combination with NT-
proBNP significantly improves the discriminative accuracy 
of HF progression (36,37). Additionally, in the Danish-
multinational monitoring of trends and determinants in 
cardiovascular disease (DAN-MONICA) study, serial 
measurements of the circulating levels of GDF15 have 
displayed only a slight improvement in the prognostication 
of the death due to coronary heart disease compared to a 
single measurement (38). Because there were no detectable 
associations between GDF15 levels and atherosclerotic CV 
disease events (37,38), GDF15 could be an useful biomarker 
for the identification of patients at risk for different causes 
of HF-related death and death due to bleeding including 
death associated with anticoagulation for atrial fibrillation. 
Probably multimarker approaches containing BNP and 
GDF15 might improve HF risk prediction at the general 
population and HF progression of individuals with 
established HF.

Conclusions

Serendipity and “thinking outside the box” is an opportunity 
for researchers to develop ideas and novel concepts, which 
can lead to interesting new discoveries for both diagnostics 
and drug development. As a researcher, one should keep 
an open mind to cross-discipline use of discoveries and 
observations in the journey from “bench to bedside”.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer review: This article was commissioned 
by the editorial office, AME Medical Journal. The article did 
not undergo external peer review.

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://amj.amegroups.
com/article/view/10.21037/amj-2020-04/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 

aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Wikipedia. Serendipity. Available online: https://
en.wikipedia.org/wiki/Serendipity

2. Bud R. Penicillin: Triumph and Tragedy. Oxford: Oxford 
University Press, 2009.

3. Bourassa MG. The history of cardiac catheterization. Can 
J Cardiol 2005;21:1011-4.

4. Barton M. Adventures in self experimentation. BMJ 
2018;363:k5006.

5. Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/
AHA/HFSA Focused Update of the 2013 ACCF/AHA 
Guideline for the management of heart failure: a report 
of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines 
and the Heart Failure Society of America. J Card Fail 
2017;23:628-51.

6. Aimo A, Januzzi JL Jr, Bayes-Genis A, et al. Clinical 
and prognostic significance of sST2 in heart failure: 
JACC review topic of the week. J Am Coll Cardiol 
2019;74:2193-203.

7. Xu H, Turnquist HR, Hoffman R, et al. Role of the IL-33-
ST2 axis in sepsis. Mil Med Res 2017;4:3.

8. Ghali R, Altara R, Louch WE, et al. IL-33 (interleukin 
33)/sST2 axis in hypertension and heart failure. 
Hypertension 2018;72:818-28.

9. Mildner M, Storka A, Lichtenauer M, et al. Primary 
sources and immunological prerequisites for sST2 
secretion in humans. Cardiovasc Res 2010;87:769-77.

10. Szerafin T, Brunner M, Horvath A, et al. Soluble ST2 
protein in cardiac surgery: a possible negative feedback 
loop to prevent uncontrolled inflammatory reactions. Clin 
Lab 2005;51:657-63.

11. Szerafin T, Niederpold T, Mangold A, et al. Secretion 

https://amj.amegroups.com/article/view/10.21037/amj-2020-04/coif
https://amj.amegroups.com/article/view/10.21037/amj-2020-04/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


AME Medical Journal, 2020Page 4 of 5

© AME Medical Journal. All rights reserved. AME Med J 2020;5:36 | http://dx.doi.org/10.21037/amj-2020-04

of soluble ST2 - possible explanation for systemic 
immunosuppression after heart surgery. Thorac Cardiovasc 
Surg 2009;57:25-9.

12. Jirak P, Pistulli R, Lichtenauer M, et al. Expression of the 
novel cardiac biomarkers sST2, GDF-15, suPAR, and 
H-FABP in HFpEF patients compared to ICM, DCM, 
and controls. J Clin Med 2020;9:E1130.

13. Lichtenauer M, Jirak P, Wernly B, et al. A comparative 
analysis of novel cardiovascular biomarkers in 
patients with chronic heart failure. Eur J Intern Med 
2017;44:31-8.

14. Schernthaner C, Lichtenauer M, Wernly B, et al. 
Multibiomarker analysis in patients with acute myocardial 
infarction. Eur J Clin Invest 2017;47:638-48.

15. Wernly B, Lichtenauer M, Jirak P, et al. Soluble 
ST2 predicts 1-year outcome in patients undergoing 
transcatheter aortic valve implantation. Eur J Clin Invest 
2017;47:149-57.

16. Mirna M, Topf A, Wernly B et al. Novel biomarkers 
in patients with chronic kidney disease: an analysis 
of patients enrolled in the GCKD-study. J Clin Med 
2020;9:886.

17. Aithal A, Rauth S, Kshirsagar P, et al. MUC16 as a novel 
target for cancer therapy. Expert Opin Ther Targets 
2018;22:675-86.

18. Sikaris KA. CA125--a test with a change of heart. Heart 
Lung Circ 2011;20:634-40.

19. Wei G, Yuping Z, Jun W, et al. CA125 expression in 
patients with non-Hodgkin's lymphoma. Leuk Lymphoma 
2006;47:1322-6.

20. Wu LX, Li XF, Chen HF, et al. Combined detection 
of CEA and CA125 for the diagnosis for lung cancer: 
a meta-analysis. Cell Mol Biol (Noisy-le-grand) 
2018;64:67-70.

21. Bulska-Będkowska W, Chełmecka E, Owczarek AJ, et al. 
CA125 as a marker of heart failure in the older women: 
population-based analysis. J Clin Med 2019;8:607.

22. Yilmaz MB, Nikolaou M, Cohen Solal A. Tumour 
biomarkers in heart failure: is there a role for CA-125? Eur 
J Heart Fail 2011;13:579-83.

23. Rheude T, Pellegrini C, Nunez J, et al. Differential 
prognostic value of galectin-3 according to 
carbohydrate antigen 125 levels in transcatheter 
aortic valve implantation. Rev Esp Cardiol (Engl Ed) 
2019;72:907-15.

24. Wernly B, Lichtenauer M. Old dog, new tricks - CA125 
for risk stratification in TAVI patients. Rev Esp Cardiol 
(Engl Ed) 2019;72:892-5.

25. Hung CL, Hung TC, Lai YH, et al. Beyond malignancy: 
the role of carbohydrate antigen 125 in heart failure. 
Biomark Res 2013;1:25.

26. Ordu S, Ozhan H, Alemdar R, et al. Carbohydrate 
antigen-125 and N-terminal pro-brain natriuretic peptide 
levels: compared in heart-failure prognostication. Tex 
Heart Inst J 2012;39:30-5.

27. Kempf T, Eden M, Strelau J, et al. The transforming 
growth factor-beta superfamily member growth-
differentiation factor-15 protects the heart from ischemia/
reperfusion injury. Circ Res 2006;98:351-60.

28. Sharma A, Stevens SR, Lucas J, et al. Utility of growth 
differentiation factor-15, a marker of oxidative stress 
and inflammation, in chronic heart failure: insights 
from the HF-ACTION study. JACC Heart Fail 
2017;5:724-34.

29. Katus HA, Giannitsis E. Biomarker in cardiology: 
DGK welcomes ESC Munich 2018. Clin Res Cardiol 
2018;107:10-5.

30. Peiró ÓM, García-Osuna Á, Ordóñez-Llanos J, et al. 
Long-term prognostic value of growth differentiation 
factor-15 in acute coronary syndromes. Clin Biochem 
2019;73:62-9.

31. Rullman E, Melin M, Mandić M, et al. Circulatory factors 
associated with function and prognosis in patients with 
severe heart failure. Clin Res Cardiol 2020;109:655-72.

32. Yuan Z, Li H, Sun Y, et al. Pericardial fluid levels of 
growth differentiation factor 15 in patients with or without 
coronary artery disease: a prospective study. Ann Transl 
Med 2020;8:113.

33. Benes J, Kotrc M, Wohlfahrt P, et al. The role of GDF-15 
in heart failure patients with chronic kidney disease. Can J 
Cardiol 2019;35:462-70.

34. Lindholm D, James SK, Gabrysch K, et al. Association 
of multiple biomarkers with risk of all-cause and cause-
specific mortality after acute coronary syndromes: a 
secondary analysis of the PLATO biomarker study. JAMA 
Cardiol 2018;3:1160-6.

35. Wang Y, Zhen C, Wang R, et al. Growth-differentiation 
factor-15 predicts adverse cardiac events in patients with 
acute coronary syndrome: a meta-analysis. Am J Emerg 
Med 2019;37:1346-52.

36. Bettencourt P, Ferreira-Coimbra J, Rodrigues P, et al. 
Towards a multi-marker prognostic strategy in acute 
heart failure: a role for GDF-15. ESC Heart Fail 
2018;5:1017-22.

37. Tuegel C, Katz R, Alam M, et al. GDF-15, galectin 3, 
soluble ST2, and risk of mortality and cardiovascular 



AME Medical Journal, 2020 Page 5 of 5

© AME Medical Journal. All rights reserved. AME Med J 2020;5:36 | http://dx.doi.org/10.21037/amj-2020-04

events in CKD. Am J Kidney Dis 2018;72:519-28.
38. Fluschnik N, Ojeda F, Zeller T, et al. Predictive value of 

long-term changes of growth differentiation factor-15 

over a 27-year-period for heart failure and death due to 
coronary heart disease. PLoS One 2018;13:e0197497.

doi: 10.21037/amj-2020-04
Cite this article as: Wernly B, Mirna M, Jirak P, Kopp K, 
Berezin AE, Lichtenauer M. Serendipity and thinking outside 
the box in cardiovascular research. AME Med J 2020;5:36.


