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ABSTRACT 

 

Background: Despite elaborate clinical investigations of potential plasma heart failure 

biomarkers their relation with cardiac function and remodeling has remained vague. Recently, 

we showed in multiple mouse models that levels of these biomarkers are not directly related to 

cardiac function, except for natriuretic peptides. To investigate how the expression of these 

biomarkers is affected by hypertension induced heart failure we used the Ren2 rat model 

overexpressing the mouse renin gene.   

Methods: Ren2 and age matched Sprague-Dawley (SD) rats were sacrificed between 14-16 

weeks of age when most Ren2 animals showed signs of fatigue and breathlessness (humane 

endpoints). Echocardiography was used to assess cardiac structural and functional remodeling 

and invasive pressure catheter measurements were performed to record hemodynamic 

parameters. Atrial natriuretic peptide (NPPA, ANP), Galectin-3 (LGALS3, Gal-3) TIMP-1 and 

GDF-15 gene and protein expression were investigated in multiple organs and tissues. 

Results: Significant cardiac dilatation was observed in Ren2 rats at 14-16 weeks, resulting in 

a significantly reduced ejection fraction and fractional shortening and decreased contractility 

(dP/dTmax) and relaxation (dP/dTmin). Heart, kidney, liver and lung weights were all higher in 

Ren2 rats. NPPA expression was restricted to the heart and strongly induced in the Ren2 group. 

In contrast, LGALS3, GDF-15 and TIMP-1 were expressed in multiple tissues and GDF-15 

expression was almost 55 fold higher in kidney as compared to cardiac tissue. In the Ren2 

group expression of these genes was elevated in the heart, but also in kidney and liver (Gal-3). 

Gal-3 protein level was also significantly elevated in liver and cardiac tissue of the Ren2 group, 

whereas ANP protein level was solely elevated in cardiac tissue. Unfortunately, plasma Gal-3 

levels could not be determined in rats, but plasma ANP, GDF15 and TIMP1 levels were all 

significantly elevated.   

Conclusions: In summary, our study shows that expression of Gal-3, GDF-15 and TIMP-1 in 

Ren2 rats is elevated in multiple organs, including heart and kidney. Potential elevated plasma 

levels appear therefore to be a reflection of stress in multiple organs by this systemic disease 

in these animals.  
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Introduction 

Heart failure plasma biomarkers have received huge interest in the last decade because of their 

promise to further stratify patient populations and to provide further insight in ongoing 

pathological processes. These biomarkers may aid in guiding heart failure management and 

patient tailored therapies. Till now, natriuretic peptides, including B-type natriuretic peptide 

(BNP) and the N-terminal domain of the prohormone (NT-proBNP), can be considered as the 

gold standard plasma biomarkers in the diagnosis of HF [1, 2]. These peptides as well as A-

type natriuretic peptide (ANP) are secreted by cardiomyocytes and production and secretion 

are enhanced upon cardiomyocyte stretch [3]. Elevated plasma levels are therefore considered 

as an indication of elevated cardiac wall stress and indicative that therapy to unload the heart 

is required. Natriuretic peptides can therefore aid in therapy guidance for HF patients and 

provide prognostic information. There is a lasting promise that other potential heart failure 

plasma biomarkers may provide information on other pathological processes in the heart, like 

cell death, fibrosis and inflammation [4, 5]. However, despite intensive investigations and 

abundant correlative clinical studies the value of most other putative heart failure biomarkers 

has remained elusive [6, 7]. 

The American College of Cardiology (ACC)/AHA heart failure guidelines recognize the 

plasma proteins Galectin-3 (Gal-3) and soluble Suppression of Tumorigenicity 2 (sST2) as 

emerging biomarkers of myocardial fibrosis that are predictive for hospitalization and death in 

patients with HF and may have additive prognostic value beyond natriuretic peptides [1]. 

Numerous correlative clinical HF studies have shown a correlation between plasma Gal-3 

protein levels and prognosis, both for patients with HF with reduced ejection fraction (HFpEF) 

and for patients with reduced ejection fraction (HFrEF) [8-11]. Galectin-3 appears to have 

multiple functions and play a prominent role in driving fibrosis and it has been linked to fibrotic 

diseases in several organs [12, 13]. In rats Gal-3 promoted cardiac fibrosis and subsequent heart 

failure development, while inhibition or genetic ablation of Gal-3 in rats and mice resulted in 

attenuation and partial reversal of cardiac remodeling upon pathological stimuli [14, 15]. sST2 

is secreted into the circulation in response to cardiac stress and exhibits pro-hypertrophic and 

fibrotic effects by severing as a decoy receptor for IL33. However, like Gal-3, sST2 plasma 

concentrations are also increased in various other diseases, including fibrotic and inflammatory 

diseases and is not disease specific [16-18]. A number of other plasma proteins involved in 

extracellular matrix remodeling have been shown to be elevated in HF patients, including 

Tissue Inhibitor of Metalloproteinases (TIMP-1) [19]. Another potential HF biomarker that has 

received a lot of attention is Growth Differentiation Factor 15 (GDF-15). Plasma levels of 

GDF-15 has been reported to be associated with inflammation and cell apoptosis in cardiac and 
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extra-cardiac disease [20-23]. GDF-15 plasma levels are associated with severe outcome, and 

its levels are able to provide incremental value to clinical HF risk factors [24].  

In recent mouse studies we provided evidence that Gal-3, GDF-15 and TIMP-1 were elevated 

in cardiac tissue after myocardial infarction, but plasma levels were not elevated despite strong 

reductions in EF (below 20%) [25]. Elevated levels were observed in certain HF mouse models, 

like cardiac pressure overload or after a high fat diet, but this appeared to be mostly a reflection 

of production by other stressed organs/tissues [25]. The potential use of these novel HF 

biomarkers is therefore still elusive and the lack of understanding of dynamic expression in the 

heart and in other organs currently hampers potential clinical use.  

To further investigate the expression of HF biomarkers in the heart and other tissues we 

employed herein a transgenic Ren2 hypertensive rat model. Hypertension is a key driver of 

heart failure development, but has systemic effects also in other tissues, particular the kidneys 

and hence might also affect expression of putative HF biomarkers in these tissues. Cardiac 

function and remodeling and expression of ANP, Gal-3, GDF-15 and TIMP1 were therefore 

investigated in this rat model. 

 

Materials and Methods 

Animal experimental protocol 

Animal experiments were performed in accordance with the NIH Guide for the Care and Use 

of Laboratory Animals and were approved by the Animal Ethical Committee of the University 

of Groningen. (permit number: DEC6954A). Animal experiments were performed in 10–16-

week-old male homozygous TGR (mREN2)27 rats (n = 13). Age- and gender-matched Sprague 

Dawley (SD) rats (n = 8) served as controls. REN2 rats overexpress the murine Ren-2d gene 

that causes hypertension and progressive HF [26-28]. Male Sprague-Dawley and age matched 

Ren2 rats were housed on a 12/12 hours day/night cycle in a controlled environment and ad 

libitum access to water and chow.  

Cardiac function assessment 

Echocardiography was performed to assess functional parameters in vivo at 10 weeks and at 

the end of the experiment. Briefly, M-mode and 2D transthoracic measurements were obtained 

under anesthesia (Vivid 7, 14-MHz linear array transducer; GE Healthcare, Chalfont St. Giles, 

UK). Rats were maintained on a heated pad, and a topical depilation agent was used to remove 

chest hair. From the parasternal short axis view, M-mode tracings were recorded to measure 

left ventricular (LV) inner diameters in systole and diastole (LVIDs/d in mm) and calculate 

percent fractional shortening (%FS) and ejection fraction (%EF). The thickness of the LV 
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posterior wall in diastole (LVPWd in mm) and intraventricular septal wall thickness (IVSd in 

mm) were also determined. 

PV-loop measurements 

Prior to sacrifice, heamodynamics were recorded by aortic and LV cathetherization. During 

this procedure, mice were anesthetized with 2% isoflurane/oxygen and catheterization was 

performed with a (Mikro-Tip pressure catheter 1.4F, Transonic Scisense, Transonic Europe, 

The Netherlands) The catheter tip was inserted via the left carotid artery and pressures in the 

aorta and LV were monitored. Parameters of cardiac function were recorded, including 

maximal LV pressure (LV Pmax), minimal LV pressure (LV Pmin), dP/dTmax (an indicator 

for maximal LV contraction capacity), dP/dTmin (an indicator for maximal LV relaxation 

capacity), maximal aortic pressure (aorta Pmax) and heart frequency (HF). Thereafter, the 

catheter was removed and animals were sacrificed and tissues and organs were collected for 

molecular analysis.  

Enzyme-linked immunosorbent assay (ELISA) 

The following commercial enzyme-linked immunosorbent assays (ELISA) were used to 

determine protein levels in plasma: NT-proANP (BI-20892, BIOMEDICA, Austria); GDF-15 

(MGD150, R&D, USA); and TIMP1 (DY580, R&D, USA). All used reagents and buffers were 

supplied in the kit and were prepared for analysis as described in the manual. Plasma samples 

were thawed, mixed and diluted 20 times with dilution buffer. Next, standard, samples and 

controls were transferred to antibody coated ELISA plates and plates were processed according 

to the manufacturer instructions. Tetramethylbenzidine (TMB) was used as a substrate in the 

final peroxidase reaction and absorbance of samples, standards and controls was measured at 

450nm using a plate reader (Synergy H1 microplate reader, Biotek, Vermont, USA). Plasma 

MPO levels were calculated using GEN5 software (GEN5 version 2.04, Biotek, Vermont, 

USA). 

Quantitative real-time polymerase chain reaction (qRT-PCR) 

Ribonucleic acid (RNA) was extracted from powdered tissues using Trizol reagent (Invitrogen, 

Thermo Fisher Scientific, Massachusetts, USA). cDNA was synthesized using QuantiTect 

Reverse Transcriptional kit (Qiagen, Venlo, the Netherlands) according to the manufacturer’s 

instructions. Relative gene expression was determined by quantitative real time PCR (qRT-

PCR) on the Bio-Rad CFX384 real time system (Bio-Rad, Veenendaal, the Netherlands) using 

ABsolute QPCR SYBR Green mix (Thermo Scientific, Landsmeer, the Netherlands). Gene 

expressions were corrected for reference gene values (36B4), and expressed relative to the 

control group. Primers used for RT-PCR are shown in supplemental table 1.  
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Western blot 

Protein was isolated with RIPA buffer (50 mM Tris pH 8.0, 1% nonidet P40, 0.5% deoxycholate, 

0.1% SDS, 150 mM NaCl) supplemented with 40 ul/ml phosphatase inhibitor cocktail 1 

(Sigma-Aldrich Chemie B.V., Zwijndrecht, the Netherlands), 10 ul/ml protease inhibitor 

cocktail (Roche Diagnostics Corp., Indianapolis, IN, USA) and 1 mM phenylmethylsulfonyl 

fluoride (PMSF) (Roche Diagnostics Corp., Indianapolis, IN, USA). Protein concentrations 

were determined with a DC protein assay kit (Bio-Rad, Veenendaal, the Netherlands). Equal 

amounts of proteins were separated by SDS-PAGE and proteins were transferred onto PVDF 

membranes. The following antibodies were used: ANP (ab91250); Gal-3 (MA1-940); 

glyceraldehyde-3-phosphate dehydrogenase (10R-G109A, Fitzgerald, USA). Signals were 

visualized with ECL and analyzed with densitometry (ImageQuant LAS4000, GE Healthcare 

Europe, Diegem, Belgium). 

Statistical analysis 

All values are presented as means ± standard errors of the mean (SEM). Student's paired two-

tailed t-test was used for two-group comparisons. For non-normally distributed data or data 

without homogeneity of variance non-parametric tests were performed. In this case Mann-

Whitney tests were used for two group comparisons. P < 0.05 was considered to be significant. 

SPSS software (PASW Statistics 22) was used for statistical analyses.  
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Table 1. Hemodynamic parameters  

Hemodynamics N=8 N=13 

HR, bpm 308,3 ± 12,9 340,3 ± 4,5* 

SBP, mmHg 107,3 ± 2,3 146,7 ± 5,6* 

DBP, mmHg 76,00 ± 2,31 93,77 ± 4,29* 

LVPmax , mmHg 109,6 ± 2,2 148,2 ± 5,8* 

LVESP, mmHg 106,6 ± 2,8 147,9 ± 5,8* 

LVEDP, mmHg 9,93 ± 1,22 17,12 ± 2,02* 

dP/dTmax/Pmax, 1/s 61,33 ± 1,42 50,34 ± 1,21* 

dP/dTmin/Pmin, -1/s 66,77 ± 2,84 54,25 ± 2,79* 

Data are presented as means ± standard error of the mean. HR=Heart rate, SBP=Systolic blood pressure, 

DBP=Diastolic blood pressure, LVPmax=Maximal left ventricular pressure, LVESP=Left ventricular end 

systolic pressure, LVEDP=Left ventricular end diastolic pressure, dP/dTmax =Measure for left ventricular 

(LV) contraction capacity, here corrected for LV maximal pressure. dP/dtmin=Measure for LV relaxation 

capacity, here corrected for LV maximal pressure. Tau=Measure for LV relaxation capacity. n= 8-13, * 

P<0.05 as compared to SD group. 
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Results 

Echocardiographic measurements reveal structural and functional alterations  

Echocardiographic measurements were performed in Ren2 rats and control SD rats to explore 

cardiac dimension and function at 10 and 14-16 weeks of age. As depicted in figure 1, cardiac 

function was still conserved in Ren2 rats at 10 weeks. However, Interventricular septal wall 

thickness at end-diastole (IVSd) was already significantly increased in Ren2 rats and a similar 

trend was observed for the left ventricular posterior wall (LVPWd) (Figure 1A-B). At an age 

of 14-16 weeks signs of heart failure development (fatigue, shortness of breath) became evident 

in Ren2 rats in agreement with previous reports [26, 29, 30]. At this stage echocardiographic 

measurements were performed again. This revealed remarkable changes in cardiac function 

and structure in the Ren2 rats. Cardiac dilatation had occurred as shown by the strong increase 

in left ventricular diameter at end-diastole (LVIDd) and end-systole (LVIDs) (Figure 1C-D). 

This was accompanied by a strong reduction in percent ejection fraction (EF) and fractional 

shortening (FS) (Figure 1E-F). Both IVSd and LVPWd were significantly higher in the Ren2 

group at this stage (Figure 1A-B). Cardiac hypertrophy was also confirmed by a significantly 

larger heart weights (LV and atria corrected by tibia length) in the Ren2 group (Figure 2A-C). 

Importantly, we also observed significantly increased lung, kidney and liver organ weights in 

the Ren2 groups, indicating that other organs were also affected in this animal model (Figure 

2D-F).  

Pressure catheter measurements reveal systolic and diastolic dysfunction. 

Before sacrifice pressure catheter measurements were performed. The arterial and LV systolic 

and diastolic blood pressure were significantly higher in Ren2 rats as compared to SD rats 

(Table 1). Corrected dP/dTmax and dP/dTmin values were significantly lower in Ren2 rats, 

indicating that both cardiac contraction and relaxation were impaired (Table 1). 

Tissue gene expression 

Gene expression analysis of NPPA, LGALS3, GDF-15 and TIMP1 revealed significant higher 

expression levels in LV tissue of the Ren2 group (Figure 3). NPPA even increased 66 fold in 

the LV of the Ren2 group, whereas only a 4.6 fold increase was observed in the RV of the Ren 

2 group (Figure 3A). In other tissues NPPA expression was below detection level. The other 

genes showed much smaller changes in LV expression levels between the SD and Ren2 group, 

with the strongest change shown for GDF-15 (almost 4 fold elevation in Ren2) (Figure 3B-D). 

Whereas NPPA expression was confined to the heart (LV and RV shown), the other genes were 

also expressed in other tissues tested, including lung, kidney and liver. GDF-15 expression was 

even ~50 fold higher in kidney as compared to heart and was elevated to ~100 fold higher 
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Figure 1. Measurement of cardiac function by echocardiography in Ren2 rats. (A) Interventricular 

septum thickness in diastole. (B) Left ventricular posterior wall thickness in diastole. (C) Left ventricular 

internal diameter in diastole. (D) Left ventricular internal diameter in systole. (E) Assessment of percent 

ejection fraction. (F) Assessment of percent fractional shortening. n=8-13, * P<0.05 as compared to SD 

group; # P<0.05 as compared to 10 wks. 

 

Figure 2. Organs weight in SD and Ren2 rats at sacrifice. (A) Left ventricle; (B) Right ventricle; (C) 

Atrial; (D) Lung; (E) kidney; (F) Liver. Weights were corrected for tibia length. n=8-13, * P<0.05 as 

compared to SD group. 

 

levels in Ren-2 kidneys as compared to SD hearts. All genes showed increased expression in 

kidney tissue of the Ren-2 group and Gal-3 was also elevated in liver tissue of the Ren-2 group. 
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Figure 3. Biomarker gene expression in multiple organs in SD and Ren2 rats. (A-D) Relative mRNA 

expression of biomarkers in each organ at sacrifice. SD, open bars, Ren2, black bars. All expression was 

normalized to 36B4 and expressed as fold change. n=8-13, * P<0.05 as compared to SD group. 

 

Pressure catheter measurements reveal systolic and diastolic dysfunction. 

Before sacrifice pressure catheter measurements were performed. The arterial and LV systolic 

and diastolic blood pressure were significantly higher in Ren2 rats as compared to SD rats 

(Table 1). Corrected dP/dTmax and dP/dTmin values were significantly lower in Ren2 rats, 

indicating that both cardiac contraction and relaxation were impaired (Table 1). 

Tissue gene expression 

Gene expression analysis of NPPA, LGALS3, GDF-15 and TIMP1 revealed significant higher 

expression levels in LV tissue of the Ren2 group (Figure 3). NPPA even increased 66 fold in 

the LV of the Ren2 group, whereas only a 4.6 fold increase was observed in the RV of the Ren 

2 group (Figure 3A). In other tissues NPPA expression was below detection level. The other 

genes showed much smaller changes in LV expression levels between the SD and Ren2 group, 

with the strongest change shown for GDF-15 (almost 4 fold elevation in Ren2) (Figure 3B-D). 

Whereas NPPA expression was confined to the heart (LV and RV shown), the other genes were 

also expressed in other tissues tested, including lung, kidney and liver. GDF-15 expression was 

even ~50 fold higher in kidney as compared to heart and was elevated to ~100 fold higher 

levels in Ren-2 kidneys as compared to SD hearts. All genes showed increased expression in 

kidney tissue of the Ren-2 group and Gal-3 was also elevated in liver tissue of the Ren-2 group. 
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Figure 4. ANP protein levels in SD and Ren2 rats. (A) Quantification of ANP levels in Western blots 

(corrected for glyceraldehyde phosphate dehydrogenase GAPDH levels). (B) Representative Western blot 

showing ANP and GAPDH protein levels in left ventricle in SD and Ren2 rats. (C) Representative Western 

blots for ANP in the indicated organs of SD and Ren2 rats. n=8-13, * P<0.05 as compared to SD group. 

 

Investigation of protein levels 

Using specific antibodies against ANP and Gal-3 we could determine their protein levels also 

in rat tissues. ANP protein levels were low in LV tissue of SD rats, but were strongly elevated 

in LV tissue samples of the Ren2 group (Figure 4A-B). No ANP could be detected in other 

tissues investigated of either SD or Ren2 group (Figure 4C). In contrast to ANP, Gal-3 protein 

could also be detected in liver and lung tissue, but in kidney Gal-3 was barely visible, despite 

similar gene expression levels between LV, kidney and liver (Figure 5A and Figure 3B). 

Importantly, lung protein levels were much higher as compared to LV protein levels and this 

reflects the gene expression data. Gal-3 protein levels were significantly elevated in LV tissues 

of the Ren-2 group, albeit not as dramatic as for ANP (Figure 5B). Although we could not  
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Figure 5. Gal-3 protein levels in SD and Ren2 rats. (A) Western blot analysis of Gal-3 and GAPDH 

protein levels in the indicated organs. Bar diagram shows quantification of ANP levels corrected for 

GAPDH. (B) Western blot analysis of Gal-3 and GAPDH protein levels in LV in SD and Ren2 rats. 

Quantification shown in lower panel. (C) Western blot analysis of Gal-3 and GAPDH protein levels in 

liver SD and Ren2 Rats. Quantification shown in lower panel. n=8-13, * P<0.05 as compared to SD 

group. 

 

detect increased kidney Gal-3 levels in the Ren-2 group, which could be a detection limit issue, 

in liver Gal-3 was significantly elevated in the Ren-2 group in accordance with the gene 

expression data (Figure 5C). 

 

Plasma levels 

ANP, GDF-15 and TIMP-1 plasma levels were all significantly elevated in the Ren-2 group 

(Figure 6). Surprisingly, NT-proANP only showed a limited increase of 1.6 fold, which is much 

lower as compared to the increased cardiac gene and protein expression levels (Figure 6). 

Unfortunately, we were not able to detect rat Gal-3 protein levels in plasma with the currently 

available ELISA detection kits.  
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Figure 6. Plasma levels of biomarkers in SD and Ren2 Rats. (A) NT-proANP, (B) GDF-15 and (C) 

TIMP1. n= 8-12, * P<0.05 as compared to SD group. 

 

 

Discussion 

Our investigations show that, except for ANP, other emerging HF biomarkers are also 

expressed in other tissues. Moreover, the expression in other tissues is often much higher as 

compared to cardiac expression and is also dynamically controlled. It will therefore be difficult 

to directly link plasma levels of these biomarkers to cardiac pathology. Their elevated plasma 

levels also reflect pathological stress or injury in other tissues and elevated levels most likely 

indicate multiple organ involvement. This explains why these biomarkers have strong 

predictive value for hospitalization and mortality in general. 

Novel HF biomarkers could be useful in providing incremental information to current clinical 

risk factors and natriuretic peptides for prognosis and risk stratification of HF patients [31, 32]. 

However, except for natriuretic peptides and troponins, all the emerging novel HF biomarkers 

appear to be non-cardiac specific. We recently provided evidence, using mouse studies, that 

plasma levels of Gal-3, GDF-15 and TIMP-1 did not, or only minimally, alter upon myocardial 

injury and/or stress, despite elevated cardiac expression [25]. This indicates that cardiac tissue 

minimally contributes to the plasma levels of these biomarkers. The advantage of this mouse 

model was the absence of stress and changed expressions in other organs and hence provided 

the ability to investigate solely the cardiac contribution. Although on one hand this is good, one 

could also argue that this does not fully recapitulate the human situation. Herein, we used a rat 

model of hypertension that develops overt heart failure with clinical like symptoms. In this 

model, cardiac hypertrophy and functional loss is very evident, but also other organs are 

affected (based on organ weight increase). Upregulation of all biomarkers occurred in the heart, 

but also in kidney, an organ that is often affected in heart failure and by hypertension. Elevation 

of these biomarkers in plasma was also observed (unfortunately we could not detect Gal-3 in 

rat plasma), but since elevated expression was also observed in the kidney this plasma elevation 

appears to reflect stress in the kidney as well. In this respect it is also important to mention that 

GDF-15 gene expression was ~100 fold higher in Ren2 kidney as compared to baseline (SD) 



 

152 

 

ventricular expression, indicating that the kidney may contribute much stronger to the plasma 

levels. Previously, we showed that plasma levels of Gal-3, TIMP-1 and GDF-15 in mice 

increased upon involvement of other issues, particularly lungs in a mouse TAC model and 

adipose tissue in a high fat mouse model. Collectively, this shows that expression of these 

biomarkers is responsive to stress in multiple organs and depending on etiology different organs 

and tissues may contribute to their plasma levels. 

The current HF biomarker investigations involve predominantly clinical association studies. 

These studies are now shifting from single or a few biomarkers to multi-marker panels. Such 

panels, together with unsupervised cluster analysis may generate distinct endotype 

classifications that show different responses to HF therapy [33]. To take full advantage of such 

multi-marker screening platforms, it will in the end be pivotal to have in depth information 

about single organ contribution of each separate biomarker. Without this information it will be 

difficult, if not impossible to fully delineate the biological information from such platforms. 

This study is one of the first attempts to provide information from a limited number of 

biomarkers using animal studies. As shown here, these studies are still hampered by proper 

reagents, as exemplified by the absence of proper rat Gal-3 plasma assays. To further expand 

in this direction it will be important to invest in platforms that also allow determination of these 

substances in animal models.  

We like to mention that gene expression may be different between species and hence changes 

observed in mice or rat not necessarily reflect the situation in humans. Nevertheless, GDF-15, 

TIMP-1 and Gal-3 plasma levels have been shown to be affected by multiple diseases affecting 

different organs in humans. This clearly supports our view that these biomarkers do not only 

reflect stress in the heart, but also in other organs. Since heart failure is a systemic disease that 

affects other organs and is associated with many co-morbidities it is highly likely that changed 

plasma levels in HF patients are a complex reflection of multi-organs involvement. 
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Supplementary Table 1. Oligonucleotide pairs used for qPCR 

Gene 5'-3' forward 3'-5' reverse 

NPPA ATGGGCTCCTTCTCCATCAC TCTACCGGCATCTTCTCCTC 

LGALS3 CCCGCTTCAATGAGAACAAC ACCGCAACCTTGAAGTGGTC 

GDF-15 TGACCCAGCTGTCCGGATAC GTGCACGCGGTAGGCTTC 

TIMP1 AGAGCCTCTGTGGATATGTC CTCAGATTATGCCAGGGAAC 

36B4 GTTGCCTCAGTGCCTCACTC GCAGCCGCAAATGCAGATGG 
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