
Background and Aim: Inflammation and oxidative stress are key factors for the incidence of premature
vascular aging and for an increased rate of cardiovascular events in hemodialysis (HD) patients. The RISCAVID
study has previously demonstrated that the soluble form of the costimulatory molecule CD40Ligand
(sCD40L) is involved in inflammaging and cardiovascular events of HD patients. The aims of the present study
were: 1) to confirm the role of sCD40L as an independent predictor of cardiovascular events about 10 years
after RISCAVID; 2) to evaluate the effect of polymethylmethacrylate (PMMA) membrane on sCD40L serum
levels and on CD40-CD40L pathway-related Endothelial Cell (EC) dysfunction and Vascular Smooth Muscle
Cell (VSMC) calcification.

POLYMETHYLMETHACRYLATE MEMBRANE REDUCES SERUM LEVELS OF SOLUBLE CD40-
LIGAND, AN INDEPENDENT PREDICTOR OF CARDIOVASCULAR EVENTS IN
HEMODIALYSIS PATIENTS
Migliori, M. a; Marengo, M. b; Merlotti, G. c; Quercia, A.D. c; Medica, D. c; Medana, C d.; Grossini, E. c; Quaglia, M.; c Panichi, V a. and Cantaluppi, V. c

aNephrology and Dialysis Unit, Versilia Hospital, Camaiore (LU), Italy; bNephrology and Dialysis Unit, ASL CN1, Cuneo, Italy; cDepartment of Translational
Medicine (DIMET), University of Piemonte Orientale (UPO), Novara, Italy; dDepartment of Chemistry, University of Torino, Italy.

Methods: 201 patients treated with high-flux bicarbonate HD were evaluated for sCD40L (ELISA), Indoxyl
sulfate (IS) and p-Cresyl sulfate (pCS) (HPLC-MS) serum levels and followed for at least 24 months to
evaluate the incidence of Major Adverse Cardiovascular Events (MACE). Moreover, 54/201 patients with
sCD40L serum levels higher than the median value were randomized for 9 months as follows: Group 1
(n=27): T0-T3 months PMMA; T3-T6 polysulfone (PS); T6-T9 PMMA; Group 2 (n=27): T0-T3 months PS; T3-T6
PMMA; T6-T9 PS. In both groups, sCD40L levels were correlated with standard clinical and laboratory
parameters. In a subgroup of patients, the mass removal of sCD40L was investigated in two different dialysis
sessions (PMMA vs PS). In vitro, the biological effects of sera drawn from HD patients enrolled in the study
on EC dysfunction and VSMC calcification were also studied.
Results: By univariate and multivariate
analyses, we found that a serum level of
sCD40L higher than 8.4 ng/ml was an
independent predictor of MACE in a follow-up
of at least 24 months. In addition, IS and pCS
serum levels correlated with sCD40L and the in
vitro stimulation of platelets with IS and pCS
enhanced sCD40L release. In HD patients, the
shift to PMMA membrane resulted in a
significant reduction of sCD40L levels in both
groups, whereas hepcidin levels were
significantly reduced only in Group 1 at 9
months. Moreover, mass removal of sCD40L
with PMMA was significantly higher than that
observed with PS in 2 different HD sessions in 2
consecutive weeks. In vitro, incubation of EC
and VSMC with sera collected from patients
after switching from PS to PMMA showed a
significant reduction of EC dysfunction and
VSMC calcification through a decreased
activation of the CD40-CD40L pathway. In
particular, PMMA induced a significant
decrease of EC injury (ROS production,
endothelial-to-mesenchymal transition,
monocyte adhesion, inhibition of angiogenesis)
and VSMC calcification (red alizarin staining
and Runx-2 mRNA/protein expression).

Conclusions: We herein observed that sCD40L is an independent predictor of MACE in HD patients. Moreover,
the protein-bound uremic toxins IS and pCS increased sCD40L serum levels by enhancing its release from
platelets. PMMA membrane significantly and stably reduced sCD40L serum levels under the high-risk cut-off
of 8.4 ng/ml. In vitro studies confirmed that the switch to PMMA decreased EC dysfunction and VSMC
calcification concomitant to sCD40L reduction. PMMA membrane should be considered as a novel therapeutic
strategy to limit early vascular aging of HD patients.

UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS

VARIABLES HR (95% CI) p-value HR (95% CI) p-value

sCD40L > 8.4 ng/ml 2.677(1.480-4.841) 0.001* 2.542(1.403 4.606) 0.002*
AGE (years) 1.030(1.005-1.055) 0.017* 1.031(1.004-1.058) 0.010*
HD DURATION (months) 0.999(0.993-1.004) 0.672
SEX (male/female) 1.416(0.806-2.488) 0.227
DIABETES 1.416(0.806-2.488) 0.036* 1.567(0.899-2.733) 0.113
HYPERTENSION 1.811 (1.04-3.153) 0.096
DYSLIPIDEMIA 2.384(0.858-6.625) 0.683
SMOKING 1.123(0.253-1.962) 0.902
PREVIOUS CV EVENTS 1.036(0.587-1.828) 0.902
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Fig. 28: Box plot (median and IQR) for sCD40L concentrations at different time points within 

two groups.  

 

Tab. 14 paired analysis of Hepcidin concentrations at different time points within two 

groups. Statistically significant differences were found in the variance analysis with 

Friedman Test (p < 0.0001 in both groups) and Wilcoxon Signed Ranks Test 
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*p < 0,0001
ºp = 0,001

7.8 cut-off

* º

Hepcidin (ng/ml) p-value 

(Wilcoxon test)  T0 T3 T6 T9 

Group 1 
63.1  

(43.7 – 86.3) 

25.3 

(11.3 – 50.1) 

38.8 

(13.5 – 75.5) 

19.4 

(4.1 – 51.7) 

T3-T0 p < 0,0001* 

T6-T3 p = 0,009* 

T9-T6 p = 0,004* 

T9-T0 p = 0,001* 

Group 2 
60.2  

(40.0 – 81.6) 

73.3  

(48.4 – 92.2) 

21.2  

(16.4 – 59.9) 

59.8  

(31.4 – 79.1) 

T3-T0 p = 0,153 

T6-T3 p < 0,0001* 

T9-T6 p = 0,005* 

T9-T0 p = 0,294 

8.4 cut-off
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Fig. 36: Comparison of the mean value of smooth muscle cells positive to the Alizarin red 

dye (osteoblastic differentiation marker) in patients in PS or PMMA BKF filter therapy, at T0 

and T3. In the box, the sample images compare the effect on smooth muscle cells 

determined by the control serum with that taken after RRT procedure with PS and PMMA 

BKF, in correspondence of T0 (day 0) and T3 (day 90) 

 

Finally, the expression of RUNX-2 was investigated by the smooth muscle cells 

used in the previous evaluation, incubated with the sera of day 0 (T0) and 90 (T3) 

of both Group 1 and Group 2. 

In Group 2 the percentage of expression of RUNX-2 in smooth muscle cells at the 

time T0 was 55,50 ± 4,00%, with a reduction to 47,70 ± 4,70 % after 90 days (T3) 

of membrane therapy in PS.  

In Group 1 the percentage of expression of RUNX-2 in smooth muscle cells at T0 

was 60,2  5,56 %, with a reduction to 23,35  6,5 % after 90 days (T3) of 

membrane therapy in PMMA BKF (Figure 37). The difference was significant, with 

p-value < 0,05. 

Increased expression of RUNX-2 was also detected at the gene level via qRT-

PCR, as described in the section "Patients and methods" (results not shown) 
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the latter case, the difference was significant (p-value < 0,05). By comparison, the 

controls showed mean values of 17  3,5. 

 

 
Fig. 35: Mean number of monocytes adhering to endothelial cells after stimulation with sera 

of Group 1 and 2 patients, at T0 and T3. In the panels, illustrative images that compare the 

different number of monocytes (green) adhering to the endothelium, stimulated by the sera 

of patients in RRT with PS or PMMA BKF membrane, at T0 (day 0) and T3 (day 90) 

 

6.8. In vitro assessment of the degree of osteoblastic differentiation of 

smooth muscle cells 

This evaluation was aimed to identify in both groups the reduction of osteoblastic 

differentiation by smooth muscle cells at T0 and T3. 

In Group 2 the number of cells positive to the red alizarin dye at T0 was 93  5, 

with a reduction to 80  13 after 90 days (T3) of membrane therapy in PS.  

In Group 1 the number of cells positive to the red alizarin dye at the time T0 was 

904, with a reduction of up to 40  5 after 90 days (T3) of membrane therapy in 

PMMA BKF (Figure 36). The difference was significant with p-value < 0,05. 
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Fig. 37: Mean percentage of activation of RUNX-2 within smooth muscle cells incubated with 

sera of Group 1 and 2 patients, at T0 (day 0) and T3 (day 90). Above, an example image of 

the positive indirect immunofluorescence reaction for RUNX-2 (in green) 

 

6.9. EVs isolation and characterization 

We performed a first characterization of the EVs present in the plasma of the study 

cohort at T0, in comparison with healthy subjects. 

The results of this analysis showed an increased plasma concentration of EVs in 

uremic patients (1,3x1012 ± 1,25x1011 particles/ml), compared with the healthy 

controls (4,8x1011 ± 1,0x1011 particles/ml). This difference was significant (p < 

0,05) (Figure 38). 

 
Fig. 38: Concentration of EVs found in patients with chronic kidney disease (CKD) by 

Nanotrack Analysis (Nanosight). On the right, sample graph of Nanosight analysis that 

analyzes the dimensions and relative concentrations of Evs (Ex = 10x) 
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Fig. 34: Mean percentage of oxygen radicals (ROS) produced by endothelial cells incubated 

with serum of Group 1 and 2 patients, at times T0 (day 0) and T3 (day 90). In the box, an 

example image of the positive indirect immunofluorescence reaction for the presence of 

ROS (in green) 

 

6.7. In vitro assessment of the degree of adhesion of monocytes to 

endothelial cells 

Sera of n = 28 uremic patients were incubated with endothelial and monocyte 

cells, to assess the degree of endothelial activation and monocyte adhesion to 

endothelial cells. 

In Group 2 the number of monocytes adhering to the endothelium activated per 

field at time T0 was 118  5, with a reduction to 111  8 monocytes adhering after 

90 days (T3) of PS membrane therapy.  

In Group 1 the number of monocytes adhering to the endothelium activated per 

field at time T0 was equal to 120  4, with a reduction of up to 17  5 monocytes 

adhering after 90 days (T3) of membrane therapy in PMMA BKF (Figure 35). In 

 
 

 


