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• Cardiotrophin-1 (CT-1) is a member of the interleukin (IL)-6 superfamily of proinflammatory
cytokines which is expressed in different tissues including heart and vessels.

• CT-1 is elevated in the myocardium and plasma of heart failure (HF) patients, and it has been shown
to be associated with hypertension, cardiac hypertrophy, and fibrosis both in patients and
experimental models.

• Galectin-3 (Gal-3) is a member of a β-galactoside-binding lectin family which is expressed in
inflammatory cells, cardiac and vascular cells, kidney, and adipose tissue.

• Gal-3 levels are increased in the myocardium and plasma of HF patients, and its levels correlate with
some serum extracellular matrix markers.

• Although CT-1 and Gal-3 are both upregulated by aldosterone through mineralcorticoid receptor
activation, and seem to share profibrotic mechanisms, there are not reported data on the interaction
between them.

Study Purpose
• To analyze whether CT-1 regulates Gal-3.

Study Design
• For in vitro experimental studies, adult human cardiac fibroblasts were stimulated with CT-1

(10-9-10-7); mass spectrometry-based quantitative proteomics was performed using iTRAQ; and results 
were validated by real-time polymerase chain reaction, Western blot, and ELISA.

• In the first in vivo experimental study, Wistar rats and wild-type B6CBAF1 mice were treated with rat 
recombinant CT-1 (20 µg/kg per day, IP). Half of the mice received the Gal-3 activity inhibitor, 
modified citrus pectin (MCP) (PectaSol-C®, ecoNugenics, Santa Rosa, CA) 100 mg/kg per day.

• In the second in vivo experimental study, Dahl salt-sensitive rats (SS/JrHsdMcwiCrl) receiving a high-
salt diet (8%) developed signs and symptoms of HF and diastolic dysfunction.

• In the clinical study, two cohorts of 24 and 236 HF patients of hypertensive origin were examined.

Results/Conclusions 
• Gal-3 was upregulated by CT-1 in human cardiac fibroblasts in parallel with other fibrotic and

proinflammatory markers (fig. 1).
• CT-1 upregulation of Gal-3 was mediated by extracellular signal-regulated kinase (ERTK) ½ and signal

transducer and activator of transcription 3 (Stat-3) pathways.
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RESEARCH HIGHLIGHTS*
MODIFIED CITRUS PECTIN 

- CARDIAC FIBROSIS AND INFLAMMATION

 PectaSol-C MCP-mediated galectin-3 (Gal-3) inhibition, as well as genetic disruption in mice, prevented
the  profibrotic and proinflammatory effects of cardiotrophin-1(CT-1).

 First-time that CT-1 a protein member of the interleukin-6 cytokine family, increased the expression of
Gal-3 in cardiac fibroblasts and directly correlated myocardial fibrosis.

CT-1 and Gal-3 levels increased in myocardial biopsies of hypertensive patients with chronic heart failure.

Background 



CT-1 (Cardiotrophin-1)-Gal-3 (Galectin-3) Axis in Cardiac Fibrosis and Inflammation: Mechanistic Insights and Clinical Implications

Figure 1. Effects of CT-1 on collagen type I, IL-6, and CCL-2 extracellular protein levels in Gal-3-silenced human 
cardiac fibroblasts. Histogram bars represent the mean±SEM of the 3 independent experiments. *P<0.05 vs control.

Figure 2. Unadjusted curves showing the cumulative 
incidence of cardiovascular death in patients stratified 
by CT-1 and Gal-3 cutoff values.

Summary
• In experimental models, cardiac CT-1 and Gal-3 were associated with myocardial fibrosis,

predominantly perivascular fibrosis.
• CT-1 upregulated Gal-3 expression and, Gal-3 blockade with MCP prevented the proinflammatory-

                profibrotic effects of CT-1 both in vitro and in vivo. 
• In HF patients, elevated CT-1 and Gal 3 were associated with high cardiovascular mortality.
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• Male Wistar rats and B6CBAF1 mice treated with CT-1 presented higher cardiac Gal-3 levels and 
myocardial fibrosis.

• Gal-3 genetic disruption in human cardiac fibroblasts and Gal-3 inhibition in mice with MCP prevented the 
profibrotic and proinflammatory effects of CT-1. Dahl salt-sensitive hypertensive rats with diastolic 
dysfunction showed increased cardiac. 

• CT-1 and Gal-3 expression together with cardiac fibrosis and inflammation.
• HF patients with high CT-1 and Gal-3 plasma levels presented an increased risk of cardiovascular 

death (fig. 2).




