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Galectin-3 After Heart Transplantation

Does it Get Better?*

Alan Maisel, MD,? Paul Kim, MD," William Stendardi, MD®

alectin (Gal)-3 has generated significant

interest since the seminal paper by Sharma

et al. (1) as a culprit biomarker that not
only reflects acute and chronic inflammation but
also is also integrally involved in fibrosis (1,2). In
addition to representing cardiac fibrosis, Gal-3 also
has been shown to be involved in hepatic, pancreatic,
pulmonary, and renal fibrosis (3). Gal-3 has a complex
interaction with the innate immune system that helps
protect the host in acute inflammation but may
contribute to pathological fibrosis through chronic
inflammation (3,4).

Prior studies have demonstrated an association be-
tween increased serum Gal-3 and cardiovascular
mortality and morbidity (5-7). Additional studies have
shown a relationship between Gal-3 and renal function
(8-10). Although Gal-3 may reflect renal dysfunction,
similar to cystatin-C (11), it has been shown to predict
as well as cause renal dysfunction through fibrosis (12).
Dang et al. (13) previously demonstrated that Gal-3-
null mice that underwent kidney transplantation had
preservation of tubules and reduced interstitial
fibrosis compared with normal mice.

Milting et al. (14) first demonstrated that none of
the group of fibrosis-related biomarkers, including
tissue inhibitor of metalloproteinases-1, tenascin,
osteopontin, or Gal-3, were reduced after mechanical
circulatory support (MCS). Similarly, a decrease in
Gal-3 levels was not seen after MCS in subsequent
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studies (15,16). When evaluating myocardial tissue at
the time of left ventricular assist device implantation
compared with tissue at the time of left ventricular
assist device explantation, myocardial fibrosis was
shown to have increased, consistent with persistently
elevated Gal-3 levels (15).

SEE PAGE 847

In this context, in this issue of JACC: Heart Failure,
Grupper et al. (17) pose an interesting question of
whether Gal-3, intricately related to inflammation and
fibrosis, would decrease after “reversing” cardiac
fibrosis and inflammation through heart trans-
plantation. The study consisted of 62 patients, the
majority of whom (n = 50) underwent heart-only
transplantation; there were 6 heart-kidney and 6
heart-liver transplantations. The etiologies of heart
failure from this single large referral center were
restrictive cardiomyopathy (37%), dilated cardiomy-
opathy (26%), ischemic heart disease (21%), valvular
heart disease (8%), and arrhythmogenic cardiomyop-
athy (3%). Serum Gal-3 levels were measured twice, 23
to 798 days before and 54 to 767 days after heart
transplantation. The major finding of the study was
that Gal-3 levels did not significantly change before
and after heart transplantation. The study showed that
the glomerular filtration rate was significantly lower in
patients with elevated Gal-3 levels, using 17.8 ng/ml as
the threshold value, compared with patients with
normal levels. No correlation between Gal-3 levels,
before or after heart transplantation, and Gal-3 stain-
ing measured in myocardial tissue from endomyo-
cardial biopsies at 1 year post-transplantation was
demonstrated. Additionally, there was no correlation
between Gal-3 levels and myocyte hypertrophy and
interstitial fibrosis. After adjustment for age, body
mass index, and pre-heart transplantation glomerular
filtration rate, Gal-3 levels were no longer associated
with reduced functional capacity by cardiopulmonary
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exercise testing. As aresult, the investigators conclude
that Gal-3is less likely a cardiac-specific biomarker but
more likely a marker that is influenced by renal func-
tion. This, plus the fact that levels rarely change with
treatment, makes this biomarker less suitable for
treatment guidance in the clinical setting. Of particular
interest was the demonstration that ST2 and N-termi-
nal pro-brain natriuretic peptide levels were signifi-
cantly reduced post-transplantation.

A limitation of this study, also acknowledged by
the investigators, is that it was a retrospective study
in a small patient population. Consequently, the
study itself was not powered to detect smaller dif-
ferences that may exist. Additionally, because the
study was performed at a single large referral center,
a disproportionate number of patients with restrictive
cardiomyopathy were represented (18). This is
important to note because Gal-3 may reflect ongoing
systemic inflammation and fibrosis that is not
necessarily “reversed” after heart transplantation,
such as in patients with sarcoidosis. Despite immu-
nosuppression post-transplantation, patients with
systemic diseases may continue to have subclinical
inflammation and fibrosis in other organ systems,
particularly after tapering and discontinuation of
steroids, that is reflected in persistently elevated Gal-
3 levels. Third, the measurements of Gal-3 pre- and
post-transplantation varied considerably and were
measured up to 2 years before and after heart trans-
plantation. Timely measurement of Gal-3 is impor-
tant, as previously described (5,19,20), and certainly
the heart failure as well as the post-transplantation
state can change significantly over a period of 2
years. Fourth, as suggested by the investigators, Gal-3
may also be reflective of renal dysfunction. This
needs to be explored further, as it may be that Gal-3
has decreased clearance in subjects with chronic
kidney disease, as do many other biomarkers such as
the natriuretic peptides. A more detailed evaluation
of the observed renal dysfunction would be helpful,
as heart transplantation patients not uncommonly
have diastolic dysfunction and associated cardiorenal
syndrome. Patients with elevated Gal-3 levels post-
transplantation may have evidence of elevated
filling pressures that could be shown in right heart
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catheterization that is done routinely. Last, though
post-transplantation outcomes including cardiac
allograft function, cardiac allograft vasculopathy, and
rejection episodes were assessed, other primary out-
comes, including all-cause mortality (presumably
none), hospitalizations for heart failure, and retrans-
plantation, would be useful to consider, particularly
as the investigators reviewed clinical data 3 years
after heart transplantation. Prior studies in patients
with heart failure demonstrated a relationship be-
tween elevated Gal-3 and all-cause mortality and
heart failure hospitalization (5,6), and it would be of
interest to see if this relationship continued after
heart transplantation.

An interesting and notable result described by the
investigators was that ST2 significantly decreased
after transplantation. ST2 is also a biomarker reflec-
tive of fibrosis that appears to be more specific for
cardiac fibrosis than Gal-3 (21-23), as also suggested
by this study. ST2 has the distinct advantage of being
easy to measure, with a low coefficient of variation
and reference change value (24). Many studies have
demonstrated that a value of 35 ng/ml represents an
important cut point for ongoing risk in the setting of
heart failure (25,26). The fact that ST2 decreases in
response to good therapy for heart failure and is
additive to natriuretic peptide values suggests that
ST2 levels may be useful in following patients with
heart failure, as well as after mechanical circulatory
support and transplantation (27-29).

In summary, although a specific association of Gal-3
with cardiac fibrosis and inflammation was not seen in
this study, and Gal-3 instead appears to be elevated
because of either altered renal clearance or renal
dysfunction, further studies must be performed to
better understand the underlying cause for persis-
tently elevated Gal-3 levels after heart transplantation.
Moreover, the findings reported suggest that addi-
tional studies are needed to evaluate ST2 after trans-
plantation as a more specific marker of cardiac fibrosis.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Alan Maisel, San Diego VA Healthcare, Division of
Cardiology, 3350 La Jolla Village Drive, San Diego,
California 92161-0002. E-mail: amaisel@ucsd.edu.

REFERENCES

1. Sharma UC, Pokharel S, van Brakel TJ, et al.
Galectin-3 marks activated macrophages in failure-
prone hypertrophied hearts and contributes to
cardiac dysfunction. Circulation 2004;110:3121-8.

230:160-71.

2. de Boer RA, Yu L, van Veldhuisen DJ. Galectin-3
in cardiac remodeling and heart failure. Curr Heart
Fail Rep 2010;7:1-8.

3. Henderson NC, Sethi T. The regulation of
inflammation by galectin-3. Immunol Rev 2009;

4. McCullough P, de Boer RA, Edelmann F,
Lewis CM, Maisel AS. Utilization of galectin-3 in
case management across the spectrum of heart
failure. Rev Cardiovasc Med 2014;15:197-207.

5. de Boer RA, Lok DJ, Jaarsma T, et al. Predictive
value of plasma galectin-3 levels in heart failure
with reduced and preserved ejection fraction. Ann
Med 2011;43:60-8.

6. Lok DJ, Van Der Meer P, de la Porte PW, et al.
Prognostic value of galectin-3, a novel marker of
fibrosis, in patients with chronic heart failure: data

Downloaded from ClinicalKey.com at Stanford University January 29, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.


mailto:amaisel@ucsd.edu
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref1
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref1
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref1
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref1
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref2
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref2
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref2
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref3
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref3
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref3
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref4
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref4
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref4
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref4
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref5
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref5
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref5
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref5
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref6
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref6
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref6

JACC: HEART FAILURE VOL. 4, NO. 11, 2016

NOVEMBER 2016:857-9

from the DEAL-HF study. Clin Res Cardiol 2010;
99:323-8.

7. Felker GM, Fiuzat M, Shaw LK, et al. Galectin-3
in ambulatory patients with heart failure: results
from the HF-ACTION study. Circ Heart Fail 2012;5:
72-8.

8. de Boer RA, van Veldhuisen DJ, Gansevoort RT,
et al. The fibrosis marker galectin-3 and outcome
in the general population. J Intern Med 2012;272:
55-64.

9. Gopal DM, Kommineni M, Ayalon N, et al.
Relationship of plasma galectin-3 to renal function
in patients with heart failure: effects of clinical
status, pathophysiology of heart failure, and
presence or absence of heart failure. J Am Heart
Assoc 2012;1:e000760.

10. Desmedt V, Desmedt S, Delanghe JR,
Speeckaert R, Speeckaert MM. Galectin-3 in renal
pathology: more than just an innocent bystander.
Am J Nephrol 2016;43:305-17.

11. Tang WH, Shrestha K, Shao Z, et al. Usefulness
of plasma galectin-3 levels in systolic heart failure
to predict renal insufficiency and survival. Am J
Cardiol 2011;108:385-90.

12. 0'Seaghdha CM, Hwang SJ, Ho JE, Vasan RS,
Levy D, Fox CS. Elevated galectin-3 precedes the
development of CKD. J Am Soc Nephrol 2013;24:
1470-7.

13. Dang Z, MacKinnon A, Marson LP, Sethi T.
Tubular atrophy and interstitial fibrosis after
renal transplantation is dependent on galectin-3.
Transplantation 2012;93:477-84.

14. Milting H, Ellinghaus P, Seewald M, et al.
Plasma biomarkers of myocardial fibrosis and
remodeling in terminal heart failure patients sup-
ported by mechanical circulatory support devices.
J Heart Lung Transplant 2008;27:589-96.

15. Lok SI, Nous FM, van Kuik J, et al. Myocardial
fibrosis and pro-fibrotic markers in end-stage

heart failure patients during continuous-flow left
ventricular assist device support. Eur J Car-
diothorac Surg 2015;48:407-15.

16. Coromilas E, Que-Xu EC, Moore D, et al.
Dynamics and prognostic role of galectin-3 in
patients with advanced heart failure, during left
ventricular assist device support and following
heart transplantation. BMC Cardiovasc Disord
2016;16:138.

17. Grupper A, Nativi-Nicolau J, Maleszewski JJ,
et al. Circulating galectin-3 levels are persistently
elevated after heart transplantation and are
associated with renal dysfunction. J Am Coll Car-
diol HF 2016;4:847-56.

18. Stehlik J, Edwards LB, Kucheryavaya AY, et al.
The Registry of the International Society for Heart
and Lung Transplantation: twenty-eighth Adult
Heart Transplant Report—2011. J Heart Lung
Transplant 2011;30:1078-94.

19. Franekova J, Hoskova L, Secnik P Jr., et al.
The role of timely measurement of galectin-3,
NT-proBNP, cystatin C and hsTnT in predict-
ing prognosis and heart function after heart
transplantation. Clin Chem Lab Med 2016;54:
339-44.

20. Motiwala SR, Szymonifka J, Belcher A, et al.
Serial measurement of galectin-3 in patients with
chronic heart failure: results from the ProBNP
Outpatient Tailored Chronic Heart Failure Therapy
(PROTECT) study. Eur J Heart Fail 2013;15:
157-63.

21. Daniels LB, Bayes-Genis A. Using ST2 in car-
diovascular patients: a review. Future Cardiol
2014;10:525-39.

22, Maisel AS, Choudhary R. Biomarkers in acute
heart failure—state of the art. Nat Rev Cardiol
2012;9:478-90.

23, Januzzi JL Jr., Peacock WF, Maisel AS, et al.
Measurement of the interleukin family member ST2

Maisel et al.

Galectin-3 After Heart Transplantation

in patients with acute dyspnea: results from the
PRIDE (Pro-Brain Natriuretic Peptide Investigation
of Dyspnea in the Emergency Department) study.
J Am Coll Cardiol 2007;50:607-13.

24. Dieplinger B, Januzzi JL Jr., Steinmair M, et al.
Analytical and clinical evaluation of a novel high-
sensitivity assay for measurement of soluble ST2
in human plasma—the Presage ST2 assay. Clin
Chim Acta 2009;409:33-40.

25. Gaggin HK, Motiwala S, Bhardwaj A, Parks KA,
Januzzi JL Jr. Soluble concentrations of the
interleukin receptor family member ST2 and beta-
blocker therapy in chronic heart failure. Circ Heart
Fail 2013;6:1206-13.

26. Shah RV, Chen-Tournoux AA, Picard MH, van
Kimmenade RR, Januzzi JL. Serum levels of the
interleukin-1 receptor family member ST2, cardiac
structure and function, and long-term mortality in
patients with acute dyspnea. Circ Heart Fail 2009;
2:311-9.

27. Felker GM, Fiuzat M, Thompson V, et al.
Soluble ST2 in ambulatory patients with heart
failure: association with functional capacity and
long-term outcomes. Circ Heart Fail 2013;6:
172-9.

28. Pascual-Figal DA, Manzano-Fernandez S,
Boronat M, et al. Soluble ST2, high-sensitivity
troponin T- and N-terminal pro-B-type natri-
uretic peptide: complementary role for risk strat-
ification in acutely decompensated heart failure.
Eur J Heart Fail 2011;13:718-25.

29. Ahmad T, Wang T, O'Brien EC, et al. Effects of
left ventricular assist device support on bio-
markers of cardiovascular stress, fibrosis, fluid
homeostasis, inflammation, and renal injury. J Am
Coll Cardiol HF 2015;3:30-9.

KEY WORDS biomarkers, Galectin-3, heart
failure, heart transplantation, ST2

Downloaded from ClinicalKey.com at Stanford University January 29, 2017.

For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

859


http://refhub.elsevier.com/S2213-1779(16)30447-4/sref6
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref6
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref7
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref7
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref7
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref7
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref8
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref8
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref8
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref8
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref9
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref9
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref9
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref9
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref9
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref9
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref10
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref10
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref10
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref10
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref11
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref11
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref11
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref11
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref12
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref12
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref12
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref12
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref13
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref13
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref13
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref13
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref14
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref14
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref14
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref14
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref14
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref15
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref15
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref15
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref15
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref15
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref16
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref16
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref16
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref16
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref16
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref16
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref17
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref17
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref17
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref17
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref17
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref18
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref18
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref18
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref18
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref18
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref19
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref19
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref19
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref19
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref19
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref19
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref20
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref20
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref20
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref20
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref20
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref20
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref21
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref21
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref21
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref22
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref22
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref22
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref23
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref23
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref23
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref23
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref23
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref23
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref24
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref24
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref24
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref24
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref24
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref25
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref25
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref25
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref25
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref25
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref26
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref26
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref26
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref26
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref26
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref26
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref27
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref27
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref27
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref27
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref27
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref28
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref28
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref28
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref28
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref28
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref28
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref29
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref29
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref29
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref29
http://refhub.elsevier.com/S2213-1779(16)30447-4/sref29

	Galectin-3 After Heart Transplantation
	References




