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Chronic kidney disease (CKD) is estimated to affect more than 10% of the global population and represents an increasing
health and economic burden for the society. Cardiovascular disease (CVD) is the most important complication of CKD and
the primary cause of death in these patients. Chronic kidney disease-mineral and bone disorder (CKD-MBD), which is a
common complication of CKD patients, involves changes in mineral ion homeostasis, bone quality and turnover,
cardiovascular and soft tissue calcifications, highly contributing for cardiovascular outcomes. Vascular calcification (VC) is
one of the strongest predictors of cardiovascular risk in chronic kidney disease (CKD) patients which is associated with
significant morbidity and mortality. New diagnostic/prognostic tools are required for early detection of VC allowing
interventional strategies. Gla-rich protein (GRP) is a cardiovascular calcification inhibitor, whose clinical utility still
remained unknown. The present clinical study including a cohort of 80 diabetic patients with mild to moderate CKD
(stages 2—4) explored, for the first time, correlations between levels of GRP in serum with CKD developmental stage,
mineral metabolism markers, VC and pulse pressure (PP). The results shown an association between GRP, renal
dysfunction and CKD-MBD. The relationship between low levels of GRP and vascular calcifications suggests a potential
clinical utility for GRP as an early marker of vascular damage in CKD.
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| 1. Introduction

Epidemiologically, CKD, diabetes mellitus and atherosclerosis are the clinical conditions that most contribute towards
development of vascular and valves calcificationll2. Although the relevance of vascular calcification (VC) assessment is
recognized in clinical practice, most of the available quantitative methods have many shortcomingsl3. Therefore, the
development of biomarkers for early detection of VC are crucial for the prevention of CVD outcomes in CKD patients,
allowing preventive measures to reduce the development and progression of VC, left ventricular hypertrophy and arterial
stiffness. VC is a highly-controlled multifactorial process that requires constant inhibition4l. High prevalence of VC in CKD
patients is suggested to result from several interconnected processes involving dysregulation of endogenous calcification
inhibitors, abnormal mineral metabolism and inflammation. Biochemical targets known to be involved in these
pathological processes have been explored for their potential use as biomarkers for VC and cardiovascular risk
assessment!. Gla-rich protein (GRP), also known as upper zone of growth plate and cartilage matrix associated protein
(UCMA)E, is a circulating vitamin K-dependent protein (VKDP) with a dual capacity to function as an inhibitor of
pathological calcification and anti-inflammatory agent, in the articular and cardiovascular systemsM BRI Although GRP
has been suggested as a potential marker for VC, its clinical utility has never been shown.

In this first GRP clinical study, a clear association between circulating levels of GRP and the progression of CKD
pathology and vascular calcification was shown. This study included all eligible type 2 diabetic patients with CKD stages
2-4 (n=80) followed in outpatient nephrology consultation from 2010 to 2017, where correlations between levels of GRP in
serum with mineral metabolism and inflammation markers, CKD developmental stage, VC and pulse pressure (PP), were
explored. Vascular calcification score (VCS) was evaluated using the plain x-ray of the hands and pelvis (Adragdo score),
and increased cardiovascular risk was considered for VCS=3. Measurements of GRP in serum were performed using a
recently developed sandwich ELISA (GenoGla Diagnostics)2!.

2. Decreased GRP Serum Levels is Associated with Increased VC
Promoters and Decreased VC Inhibitors

Spearman’s correlation analysis revealed statistically significant strong positive correlations between GRP serum levels
and eGFR and a-Klotho; strong negative correlations with phosphate (P), FGF23, VCS and PP; and moderate negative
correlations with CaxP and the inflammation marker IL-6 (Table 1). These results demonstrate that a reduction in GRP



levels associate with an increase in levels of the VC promoters P, FGF-23 and CaxP, and a decrease in the VC inhibitor a-
Klotho, clearly showing a correlation between GRP and the dysregulation of phosphate metabolism characteristic of CKD-
MBD.

Table 1. Correlation of GRP with renal function, osteo-mineral markers and vascular calcification.

Variables r p value

Age 0.068 0.548
Estimated glomerular filtration rate (eGFR) 0.863 "  <0.0001
Phosphate (P) -0.715 " <0.0001

Calcium (Ca) -0.124 0.273

Calcium (x) phosphate (CaxP) -0302"  0.006

Parathyroid hormone (PTH) 0.113 0.317
Fibroblast growth factor 23 (FGF-23) -0.676 © <0.0001
a-Klotho 0.647"°  <0.0001

Interleukin 6 (IL-6) -0.349 "  0.002
Vascular calcification score (VCS) -0.822" <0.0001
Pulse pressure (PP) -0.533 " <0.0001

**Correlation is significant at the 0.01 level (two-tailed).

3. GRP Serum Levels Progressively Decrease with the Deterioration of
Renal Function

Simple linear regression analysis demonstrated a positive association between GRP serum levels and eGFR (Figure 1a),
which remained significant after adjustments for age and gender (r = 0.823, p < 0.0001). Furthermore, GRP levels were
shown to significantly decrease from stage 2 to stage 4 CKD (Figure 1b). These results shown that a decrease in eGFR is
accompanied by a decrease in GRP levels from CKD stage 2 to stage 4, indicating GRP as a possible early marker
associated with renal dysfunction. Although the current study does not allow us to infer on the causality of this
relationship, it has been demonstrated that the prevalence of VC increases as eGFR declines while low eGFR is
associated with cardiovascular morbidity and mortality@22l13] Moreover, VC is a suggested link between low eGFR and
worse cardiovascular outcomel4l18l |t is presently unclear whether the relationship between GRP and eGFR might be
beyond VC, eventually involving kidney disease physiopathology.
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Figure 1. Association between serum Gla-rich protein (GRP) levels and kidney function. (a) The simple linear
regression was used to assess the relationship between estimated glomerular filtration rate (eGFR) and serum GRP
levels (B = 0.821; p < 0.0001). (b) Serum GRP levels divided by chronic kidney disease (CKD) stage. ANOVA test and a
post hoc analysis with Scheffe test was used to analyse differences among the 3 groups (* p = 0.001, ** p < 0.0001).



4. GRP is Associated with the Vascular Calcification Score (VCS) and
Pulse Pressure (PP) in Multivariate Logistic Regression Models

In univariate logistic regression analysis, eGFR, P, CaxP, FGF-23, a-Klotho, IL-6 and GRP were associated with the VCS
and PP. From those, only eGFR, GRP and FGF-23 were found significantly associated with both the VCS and PP in
multivariate logistic regression models (Table 2).

Table 2. GRP is significantly associated with vascular calcification score (VCS) and pulse pressure (PP)

VCs PP
Independent Variable
B OR (95% Cl) p value B OR (95% Cl) p value
eGFR —0.064 0.938(0.900-0.978) 0.003 —0.061 0.941 (0.894-0.990) 0.018
FGF-23 0.011 1.011(1.003-1.019) 0.006 0014 1.014(1.006-1.023) 0.001
GRP -0.120 0.128(0.010-0.771) 0.001 -0.024 0.132(0.098-0.836) 0.004

Multivariate logistic regression, forward stepwise (likelihood ratio) adjusted for age, gender, IL-6, P, CaxP, and a-
Klotho. OR, odds ratio; Cl, confidence interval.

| 5. Discussion and Conclusion

This is the first clinical study showing the association of circulating levels of GRP with CKD progression and vascular
calcification. It was shown that, in adult diabetic CKD patients, serum GRP levels progressively decrease from stage 2 to
stage 4 CKD, correlating with markers of mineral metabolism, vascular calcification and pulse pressure. Moreover, low
levels of GRP were strongly associated with vascular calcification and pulse pressure, providing support to the hypothesis
of being considered as a novel cardiovascular risk factor in this population.

The relationship between bone mineral disorders and VC is well established and a major concern on the management of
cardiovascular risk in the CKD population. In this complex interplay, the contribution of phosphate metabolism for VC and
cardiovascular outcomes in CKD settings has been widely demonstrated/E]. Increased levels of serum P, FGF-23 and
CaxP, and lower levels of a-Klotho, have all been associated with cardiovascular outcomes in the CKD population4Ii281127],
The association of GRP with CKD-MBD and VC are consistent with reported data regarding GRP functionality. GRP has
been shown to be involved in VC inhibition at multiple levels, through the inhibition of VSMCs osteochondrogenic

differentiation or the direct inhibition of mineral formation, maturation and growth, both in circulation and at the vascular
tissuelBl218]

Limitations of our study include the small sample size, the fact that serum GRP levels were measured at a single point,
and the absence of reference intervals for GRP levels in a healthy population. Also, this study included subjects with mild
to moderate CKD followed in outpatient diabetic nephropathy clinic and may not be representative of kidney disease of
other etiology. The main strength of this study clearly resides in the novelty concerning the clinical utility of GRP. The
presented data show that decreased levels of GRP in circulation parallels the progression of CKD and increased vascular
calcification, suggesting a future potential use of GRP as an early marker of vascular damage in CKD patients.
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