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	 Background:	 Cardiovascular (CV) mortality remains high despite the improvement of kidney function after kidney transplan-
tation. In heart failure (HF), high concentrations of biomarkers of fibrosis, related to cardiac and/or vascular im-
pairment, are associated with CV outcomes, but their significance in kidney transplantation is still unclear. Our 
aim was to investigate the association of procollagen type I C-terminal pro-peptide (PICP) and galectin-3 (Gal-3), 
markers of fibrosis, with arterial stiffness measured by pulse wave velocity (PWV) and CV morbi-mortality in kid-
ney transplantation recipients from the prospective monocenter TRANSARTE study (Transplantation and Arteries), 
which compared the evolution of arterial stiffness in transplanted patients and patients remained on dialysis.

	 Material/Methods:	 PICP and Gal-3 were measured at 2 years after transplantation in 44 kidney transplantation patients. Spearman’s 
rank-order correlation analysis was conducted to assess the relationship between biomarkers and PWV. 
Association of biomarkers with CV morbi-mortality was evaluated using Cox regression analysis adjusted for 
age, renal function, and PWV.

	 Results:	 There was no significant correlation between PWV and PICP (r=-0.16, P=0.3) or Gal-3 (r=0.03, P=0.85). Gal-3, 
after adjusting for key prognostic factors, including PWV, was significantly associated with CV morbi-mortality 
[HR (95% CI)=4.30 (1.01-18.22), P=0.048], whereas PICP was not significantly associated with outcome.

	 Conclusions:	 In multivariable adjusted analysis, elevated Gal-3 concentrations were associated with CV morbi-mortality in 
kidney transplantation patients, whereas PICP was not. As Gal-3 was not related to PWV, other sources of fi-
brosis (eg, cardiac fibrosis) may be underlying the prognostic value of Gal-3 in kidney transplantation.
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Background

The urgent need for a novel approach to better stratify cardio-
vascular (CV) risk in kidney transplantation recipients is derived 
from the high prevalence/incidence of CV diseases (CVD) in this 
population. Despite the restoration of renal function after kidney 
transplantation, CV-related death remains higher in kidney trans-
plantation recipients compared with the general population [1].

Atherosclerosis, arteriosclerosis, and arterial stiffening are ac-
celerated in end-stage renal disease (ESRD) [2,3]. Patients de-
velop mechanical and physiological abnormalities of arteries 
due to fluid overload, bone disorder, chronic inflammation, hy-
pertension, and endothelial dysfunction [3]. This subsequent-
ly can lead to CV fibrosis [2,4].

Improvement of renal function probably has beneficial effects 
on vascular structure and function, but kidney transplantation 
patients receive immunosuppressive therapy with deleterious 
effects on metabolic and vascular parameters [5]. The net out-
put of these opposing factors is still insufficiently document-
ed. Notably, the evolution of arterial stiffness in kidney trans-
plantation is complex and has been reported to be associated 
with poor CV prognosis [6,7].

A number of CV markers can predict CV outcomes. Pulse wave 
velocity (PWV) has been shown to be a strong predictor of CV 
outcomes, independent of conventional prognostic factors such 
as age, left ventricular (LV) hypertrophy, and hypertension [8,9]. 
The biological factors underlying this association of PWV with 
outcome is currently not well understood. Arterial stiffness has 
been shown in other settings to be associated with fibrosis. 
Harvey et al [10] emphasized that molecular mechanisms un-
derlying vascular stiffening follows vascular fibrosis and are re-
lated to increased expression and activation of matrix metallo-
proteinases, upregulation of galectin-3 (Gal-3), and activation of 
profibrotic pathways. Collagen peptides, which show circulating 
levels of collagen fibers degradation and/or production, and Gal-
3 are commonly used biomarkers to explore biological fibrosis.

C-propeptide molecules control the assembly of collagen fibrils 
in the extracellular matrix (ECM) [11]. Serum procollagen type I 
C-terminal pro-peptide (PICP), a collagen type I synthesis biomark-
er, was suggested as a key marker in the development of myo-
cardial fibrosis, as it was proven to be correlated with myocar-
dial collagen in patients with hypertensive heart disease [12,13]. 
Moreover, PICP has been shown to be associated with higher 
rates of CV-related death in hemodialysis patients [14]. Notably, 
arterial stiffness, assessed by PWV, is significantly correlated with 
PICP in hypertensive patients with LV hypertrophy [15].

Gal-3 is a profibrotic molecule that has been shown to be in-
volved in cardiac fibrosis, and is associated with CV outcomes 

in heart failure (HF) [16]. In dialysis patients, Gal-3 was found 
to be associated with a higher risk of all-cause mortality and 
CV death [14,17]. Importantly, a concomitant increase in Gal-3 
concentration and PWV was demonstrated to be significantly 
associated with higher rates of all-cause mortality and major 
CV and cerebrovascular events in hemodialysis patients [18].

The relevance of PICP and Gal-3 and their relationship with 
PWV in kidney transplantation has not been studied yet. In 
this regard, we aimed to study the association of PICP and 
Gal-3, on top of PWV, with the composite outcome of death 
and CV events among kidney transplantation recipients in the 
TRANSARTE study (Transplantation and Arteries) [19], which 
characterized the evolution of arterial stiffness after kidney 
transplantation in ESRD patients.

Material and Methods

Study Population

The description of this single-center study of the prospective 
TRANSARTE (Transplantation and Arteries) has been previously 
published [19]. In short, 100 ESRD patients were recruited from 
the waiting list of the University Hospital of Nancy to charac-
terize the evolution of arterial stiffness after kidney transplan-
tation. Forty-four renal transplant recipients who had available 
after transplantation PWV measurement at 2-year follow-up 
were considered in this subsequent analysis. Informed con-
sent was obtained from all subjects involved in the TRANSARTE 
study. The study protocol was reviewed and approved by the 
local research ethics committee of CPP-EST 3 (No. 06.10.03), 
France. This analysis was conducted under the umbrella of 
the sponsor of the study (Nancy University Hospital) under 
the supervision of the principal investigator of the study (LF).

Follow-Up

All patients included in the TRANSARTE study were routine-
ly followed up at least once a year at the Nancy University 
Hospital. Clinical events occurring during follow-up were col-
lected from the clinical charts until December 31, 2020. The 
following CV events were recorded from clinical chart reviews 
by a trained senior physician: acute coronary syndrome, myo-
cardial infarction, angioplasty, vascular angioplasty, coronary 
bypass, ischemic or hemorrhagic stroke, angioplasty of lower 
extremity arteries, amputation, and atrial fibrillation.

Measurement of PWV

PWV was measured using the Complior® technique (ALAM 
Medical, Saint Quentin Fallavier, France), which simultaneous-
ly records arterial pulse waves at carotid and femoral sites. 
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The propagation time (t) of the incident wave was calculated 
through mechanotransducer probes and the carotid–femoral 
distance (D) was determined with a tape measure. The time 
delay that represents the difference between the R-wave and 
the foot of the pressure pulse waveform at each site and the 
distance traveled by the pulse wave between the 2 recording 
sites, divided by the time, were used in the calculation of PWV. 
PWV (m/s) was calculated using the formula PWV=D×0.8/(t).

Biomarkers

PICP and Gal-3 were measured in EDTA plasma. PICP was mea-
sured by ELISA (Quidel Corporation, Santa Clara, USA) and Gal-
3 was measured by ELISA (BG MEDICINE, Foxboro, USA) at PWV 
assessment post kidney transplantation (~2-year).

Statistical Analysis

Continuous data are presented as mean±standard deviation 
or median (25th and 75th percentiles), whereas categorical data 
are expressed as numbers (%). Spearman’s rank-order correla-
tion (r) analysis was performed to assess the relationship be-
tween biomarkers and between PWV and biomarkers. In uni-
variable and multivariable Cox proportional hazards models, 
we assessed associations of biomarkers (as log-transformed 
continuous variables) with the composite outcome death and 
CV events (CV events are defined by acute coronary syndrome, 
myocardial infarction, angioplasty, vascular angioplasty, cor-
onary bypass, ischemic or hemorrhagic stroke, angioplasty of 
lower extremity arteries, amputation, and atrial fibrillation). 
In multivariable analysis, covariates included age at transplan-
tation, estimated glomerular filtration rate (eGFR), and PWV. 
Moreover, associations between biomarkers and the compos-
ite outcome were assessed after adjusting for graft rejection 
as a time-dependent variable using Cox proportional haz-
ards models. Analyses were performed using R version 4.0.2 
(R Development Core Team, Vienna, Austria).

Results

Baseline Characteristics of Patients

Of the 44 studied participants (median age 53 years [46-59], 
43.2% female), 6 (13.6%) had diabetes mellitus, 1 (2.3%) had 
previous myocardial infarction or angina, and 2 (4.5%) had previ-
ous strokes. The majority of patients received a deceased donor 
allograft (90.9%) and calcineurin inhibitors (CNI) (97.7%), most 
of them cyclosporine (53.5%). PWV was 8.7±2.5 m/s and 8.6±2.2 
at pre-transplantation and post-transplantation, respectively.

At mean follow-up time of 1.9 years, median levels of PICP 
and Gal-3 were 102.0 ng/mL [68.5-125.1] and 15.4 [13.1-20.3], 

respectively. Estimated glomerular filtration rate (eGFR) at time 
of biomarkers measurement was 42.2±14.2 mL/min/1.73 m2. 
During the median follow-up period of 10.8 years, 14 patients 
experienced a CV event, 5 patients returned in dialysis, and 
13 patients died (Table 1).

Correlation and Association of PICP and Gal-3 with PWV 
and Outcome

No correlation was found between PWV and PICP (r=-0.16, 
P=0.3) and between PWV and Gal-3 (r=0.03, P=0.85). There 
was no correlation between PICP and Gal-3 (r=-0.015, P=0.9). 
In continuous unadjusted analysis, PICP was not significantly 
associated with CV morbi-mortality, whereas Gal-3 was signif-
icantly associated with the outcome (HR per 1 log increase in 
Gal-3=5.82 (1.97-17.16), P=0.001). In the fully adjusted mod-
el for age at transplantation, eGFR, and PWV, a 1-log unit in-
crease in Gal-3 was associated with a 4.36 fold greater risk 
of CV morbi-mortality (HR per 1-log increase in Gal-3=4.36 
(1.03-18.50), P=0.046), whereas PICP was not significantly 
associated with outcome (Figure 1). Of note, further includ-
ing diabetes mellitus in the multivariable models did not sig-
nificantly change the association of biomarkers with the out-
come (data not shown).

Sensitivity Analysis

When further adjusting for type of CNI (ie, cyclosporine or ta-
crolimus) or smoking in the multivariable models, we did not 
identify a significant modification of the associations of bio-
markers with CV morbi-mortality (Supplementary Table 1). We 
also performed a forward variable selection for the Cox pro-
portional hazards models with p-to-enter set at 15% for the 
following candidate variables: age at transplantation, eGFR 
at post-transplantation PWV measurement, diabetes mel-
litus, post-transplantation PWV, smoking, sex, previous CV 
events (ie, previous myocardial infarction or angina and previ-
ous stroke), and type of CNI. Only previous CV events was re-
tained in the model. The association of biomarkers remained 
unchanged in this additional model adjusted for previous 
CV events (HR per 1-log increase in Gal-3=5.67 (1.42-22.65), 
P=0.014) (Supplementary Table 1).

We did not identify a significant modification of the associa-
tions between biomarkers, PICP and Gal-3, and CV morbi-mor-
tality when adjusting for graft rejection as time-dependent 
variable (Supplementary Table 2).

Discussion

It is well established that ESRD patients develop structural and 
functional pathophysiological CV changes, including myocardial 
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Total N=44

Demographic characteristics

	 Female (%) 	 19	 (43.2)

	 Age at transplantation (years) 	 53	 [46-59]

Medical history (%)

	 Hypercholesterolemia 	 21	 (47.7)

	 Smoking 	 21	 (47.7)

	 Diabetes 	 6	 (13.6)

	 Previous myocardial infarction or angina 	 1	 (2.3)

	 Previous strokes 	 2	 (4.5)

Cause of ESRD (%)

	 Diabetes 	 2	 (4.5)

	 Glomerulopathy 	 11	 (25.0)

	 Malformation 	 8	 (18.2)

	 Polycystic kidney disease 	 10	 (22.7)

	 Vascular 	 4	 (9.1)

	 Other 	 9	 (20.5)

Pre-transplantation dialysis 	 34	 (77.3)

	 Hemodialysis (%) 	 27	 (79.4)

	 Peritoneal dialysis (%) 	 7	 (20.6)

	 Dialysis duration (years) 	 3.1	 [2.1-3.8]

Transplantation characteristics

	 Calcineurin inhibitors (%) 	 43	 (97.7)

	 Cyclosporine (%) 	 23	 (53.5)

	 Tacrolimus (%) 	 20	 (46.5)

	 Donor type

	 Living donor (%) 	 4	 (9.1)

	 Deceased donor (%) 	 40	 (90.9)

		  Standard criteria donors (SCD) 	 26	 (65.0)

		  Expanded-criteria donors (ECD) 	 14	 (35.0)

Arterial stiffness characteristics

	 Duration between the last pre-transplantation PWV and the transplantation (months) 	 6.4	 [2.6-10.4]

	 Pre-transplantation PWV (m/s), n=43 	 8.7±2.5

	 Pre-transplantation mean arterial blood pressure (mmHg) 	 103±14

	 Duration between transplantation and post-transplantation PWV (months) 	 21.6	 [12.8-33.7]

	 Post-transplantation PWV (m/s) 	 8.6±2.2

Table 1. Baseline characteristics of patients.
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fibrosis, arterial stiffness, LVH, and HF [2]. Moreover, despite 
the improvement in renal function after kidney transplanta-
tion, CV mortality remains high in kidney transplantation re-
cipients compared to the general population [1]. Furthermore, 
the impact of kidney transplantation on arterial stiffness is 
complex, considering the beneficial impact of the renal func-
tion improvement but the deleterious impact of immunosup-
pressive drugs [5,6]. The present study is the first study that 
aimed to investigate the association of CV biomarkers, PICP 
and Gal-3, on top of PWV, with CV morbi-mortality in kidney 
transplantation patients.

PICP is released into the blood as it cleaves from procollagen 
type I during the synthesis of fibril-forming collagen type I by 

the procollagen type I carboxy-terminal proteinase [20]. PICP 
is cleared from blood via the liver due to its high molecular 
weight (a 100 kDa procollagen) and therefore is considered a 
marker of collagen type I synthesis in the absence of liver cir-
rhosis [20,21]. Experimentally [22] and clinically [23], it was 
proven that high concentrations of collagen are related to myo-
cardial stiffness and cardiac dysfunction/fibrosis.

Gal-3 is a b-galactoside-binding lectin that can bind to com-
plex carbohydrates. The available evidence suggest that Gal-
3 is a small protein (~30-35 kDA) that is expressed in several 
tissues such as the heart, blood vessels, and the kidneys. The 
upregulation of Gal-3 is secreted by activated macrophages 
and it binds with several ECM proteins [23-26]. In response to 

Table 1 continued. Baseline characteristics of patients.

Total N=44

	 Mean blood pressure at post-transplantation PWV (mmHg) 	 96±11

Post-transplantation characteristics

	 eGFR at one year 	 48.0	 [38.8-55.2]

	 Follow-up time (years) 	 10.8	 [8.1-11.9]

	 eGFR at the last contact 	 48.0	 [24.5-57.5]

	 Back to dialysis or preemptive re-transplantation (%) 	 5	 (11.4)

	 Graft rejection (%) 	 17	 (38.6)

	 Death (%) 	 13	 (29.5)

	 CV event post-transplantation (%) 	 14	 (31.8)

Biomarkers at post-transplantation PWV

	 Duration between transplantation and biomarkers measurement (months) 	 21.6	 [12.8-34.0]

	 eGFR at biomarkers measurement (mL/min/1.73 m2) 	 42.2±14.2

	 PICP (ng/mL) 	 102.0	 [68.5-125.1]

	 Gal-3 (ng/mL) 	 15.4	 [13.1-20.3]

ESRD – end stage renal disease; PWV – pulse wave velocity; eGFR – estimated glomerular filtration rate; CV – cardiovascular; 
PICP – procollagen type I C-terminal propeptide; Gal-3 – galectin-3.

Log biomarker

Death or CV events (n=22)

Univariable model

HR (95% CI)

PICP

Gal-3

2.28 (0.72-7.17)

5.82 (1.97-17.16)
1 3 5 7 9

Hazard ratio
11 13 15 17 19

0 2 4 6 8
Hazard ratio

10 12 14 16 18 0 2 4 6 8
Hazard ratio

10 12 14 16 18 20

p-value

0.16

0.001**

Univariable modela

HR (95% CI)

1.23 (0.36-4.21)

4.39 (1.12-17.17)

p-value

0.74

0.034**

Univariable modelb

HR (95% CI)

1.31 (0.37-4.55)

4.36 (1.03-18.50)

p-value

0.68

0.046*

Figure 1. �Forest plot of the association of procollagen type I C-terminal pro-peptide (PICP) and galectin-3 (Gal-3) with CV morbi-
mortality. * p-value <0.05, ** p-value <0.01. a Adusted for age at transplantation and eGFR at post-transplantation 
PWV measurement; b Adjusted for age at transplantation, eGFR at post-transplantation PWV measurement and post-
transplantation PWV measurement. Created using (R version 4.0.2, R Development Core Team, Vienna, Austria).
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acute or chronic disease, Gal-3 binds to and activates myofi-
broblasts which, in turn, upregulate the formation of collagen 
into ECM, leading myocardial fibrosis [25].

Patients in the TRANSARTE study had a mean PICP of 105±42 
ng/mL and mean Gal-3 of 18±10 ng/mL. These values are low-
er than those found in ESRD patients on chronic hemodialy-
sis from the AURORA trial (mean PICP was 176±91 ng/mL and 
mean Gal-3 was 69±25 ng/mL) [14].

Arterial stiffness is an independent predictor of morbidity and 
mortality in ESRD [24]. There was no significant difference in 
PWV in transplanted patients (median PWV 9.2 [7.9-11.9] m/s) 
in comparison to those remaining on dialysis (median PWV 
9.8 [7.7-12.1] m/s) in TRANSARTE study [19]. In a meta-analy-
sis, Sidibe et al [25] showed that there is a significant reduc-
tion in overall PWV after successful kidney transplantation: a 
decrease of 1.20 m/s in central PWV (measured by carotid-
femoral or aorta-femoral PWV), a decrease of 1.17 m/s in pe-
ripheral PWV (measured by carotid-radial PWV or femoral-dis-
tal PWV), and a decrease of 1.21 m/s in brachial-ankle PWV.

In the present study, there was no significant correlation be-
tween the biomarkers and PWV. Collagen type III was found to 
be the most abundant form in vascular walls and large arter-
ies such as the aorta [26]. However, in the specific context of 
kidney transplantation, type I collagen expression may be re-
lated to other pathophysiological (possibly related to graft fi-
brosis) features [27,28]. PICP concentrations have been shown 
to be associated with myocardial fibrosis [12] but no direct ev-
idence exists for vascular systemic damage. Actually, consis-
tent with our study, plasma PICP concentrations were reported 
to be uncorrelated with arterial stiffness, measured by PWV, 
in hypertensive patients in 2 different studies [29,30]. Even if 
some interplay exists between the heart and vessels, in the 
setting of kidney transplantation, PICP may be more closely 
related to cardiac features than vascular ones, explaining the 
low correlation in our study between PICP and PWV.

Increased Gal-3 concentrations have been documented to be 
involved in cardiac modeling, such as myocardial fibrogenesis 
and the development of HF [31]. Based on these findings, we 
assessed the correlation between Gal-3 and PWV. Our study 
showed no correlation between Gal-3 concentrations and ar-
terial stiffness in kidney transplantation patients, suggesting 
that cardiac disease more probably drives the association be-
tween Gal-3 and CV mortality than vascular damage.

Gal-3 acts as a marker of cardiac fibrosis in consequence of 
chronic inflammation and oxidative stress related to chronic 
kidney disease (CKD) [32]. Indeed, the current analysis showed 
that patients who were on dialysis before the transplantation 
had higher Gal-3 concentrations. This is likely related to the 

immune system being stimulated by the dialysis itself, leading 
to chronic inflammation and oxidative stress [33], but could 
be partly related to Gal-3 renal clearance [34]. Of note, chron-
ic inflammation in kidney transplantation patients may lead 
to a prothrombotic state as well as chronic hypoxia associat-
ed with excessive accumulation of extracellular matrix in the 
vascular tree [33]. In the LURIC study, Gal-3 was reported to 
be associated with CV-related death and all-cause mortality in 
patients with impaired kidney function [17]. Moreover, previ-
ous studies reported an incremental prognostic value provided 
by Gal-3 in hemodialysis patients for all-cause mortality [35] 
or for CV morbi-mortality or all-cause mortality in hemodial-
ysis patients [14]. Furthermore, Zhang et al [18] demonstrat-
ed that hemodialysis patients with both high PWV and Gal-
3 had a significant risk increase of a composite of all-cause 
mortality and major adverse cerebrovascular and CV events.

In the present study, Gal-3 was significantly associated with 
the composite outcome CV morbi-mortality while adjusting 
for age at transplantation, eGFR, and PWV. This may suggest 
that despite the restoration of renal function following kidney 
transplantation, the histological CV modifications generated by 
uremic cardiomyopathy are not fully reversed [4] and continue 
to have an impact on patients’ clinical outcome. Higher con-
centrations of Gal-3 may also be a proxy for ongoing inflam-
mation in the presence of arterial stiffness [36,37].

Our findings are promising in that they provide the basis for 
further development strategies to validate a panel of circu-
lating markers in a large-scale of kidney transplantation pop-
ulation and to stratify patients according to their biomarker 
profiles, which could provide novel pathways for personal-
ized treatment.

It should be noted that this was a single-center study with a 
small sample size. This moderate statistical power limited the 
number of covariates for which the model could be adjusted. 
However, it is the first study, to our knowledge, that assessed 
the association of PICP and Gal-3 with PWV and CV morbi-
mortality in kidney transplantation patients.

Conclusions

In summary, higher Gal-3 concentrations conferred greater risk 
of CV morbi-mortality in kidney transplantation patients, while 
it was not associated with vascular modifications (as measured 
by PWV), thus suggesting that non-vascular (probably cardiac) 
fibrosis is an important predictor of outcome following kid-
ney transplantation. These preliminary findings need further 
investigation to determine whether anti-Gal-3 treatment is 
be a path to consider in the setting of kidney transplantation.
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