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Methods 

Results  

Patients with multiple myeloma (MM) develop acute kidney injury 
(AKI) due to free light chains (FLC) deposition in tubular epithelial 
cells (TEC), with consequent formation of tubular casts and 
triggering of apoptosis.  
 
After internalization in TEC through a megalin-dependent 
mechanism, FLC induce apoptosis causing mitochondrial 
dysfunction and caspase-9 activation. 
 
High cut-off (HCO) hemodialyzers have been shown to efficiently 
remove FLC allowing renal recovery of MM patients. 
 
Several biomarkers of tubular injury including NGAL, retinol 
binding protein (RBP) and  α1-microglobulin (α1-M) have been 
proposed for early identification and follow-up of AKI patients.  

The results of the present study showed that: 

-HCO hemodialyzers efficiently remove FLC of both k and l 

type 

-FLC removal by HCO filters was associated with a significant 

decrease of urine biomarkers of tubular injury (RBP, α1-M, 

NGAL) and with the limitation of apoptosis and functional 

alterations induced by MM plasma on TEC. 

 

The early use of HCO hemodialyzers in combination with 

specific hematologic therapies may limit AKI in MM patients. 
 

 

We selected 5 MM patients (IgAλ or IgGk type) with AKI (inclusion 

in RIFLE criteria) requiring dialysis (HCO Gambro Theralite, 18 

sessions of 6 hr in 3 weeks, blood flow 300 ml/min, dialysate flow 

500 ml/min).  

 

Plasma FLC and urine NGAL were analyzed by nephelometry. Urine 

immunoelectrophoresis was performed at different time points. As 

shown in Fig. 1, the Hydragel 5 protenuria assay (Sebia 

electrophoresis) allows the identification in urine of proteins of 

different molecular weight (MW), including the low MW proteins 

RBP and α1-M, markers of tubular injury.  

 

In vitro, on isolated human TEC, we evaluated FLC binding by 

FACS/immunofluorescence, MM plasma-induced apoptosis 

(TUNEL, caspase-3, -8, -9 activity), mitochondrial function 

(Mytotracker) and NGAL mRNA/protein expression. 

At study admission, clinical characteristics of MM patients with 

AKI are summarized in Fig. 2. Mean serum creatinine was 

6.74±1.12 mg/dl (all included in the Failure group of RIFLE), 

plasma FLC 10246.53±2249.38 mg/L, urine NGAL 226.73±41.85 

ng/ml, urine RBP 62.82±12.64 mg/g creatinine, urine α1-M 

287.28±39.75 mg/g creatinine. At day 28 from the inclusion in the 

study, we found that 4/5 (80%) of MM patients recovered renal 

function after HCO treatment. After 5 days of HCO dialysis, we 

observed the removal of more than 50% FLC of both k and l type 

with an average FLC removal/session ranging from 38-72% (Fig. 

3). Serum albumin levels remained stable with a supplementation 

of 20g for each HCO session (not shown). 

As detected by urine immunoelectrophoresis (Fig. 4A-B), HCO 

treatment induced an early significant decrease of urine RBP 

(Fig. 4C), α1-M (Fig. 4D) and NGAL (Fig. 4E), in concomitance to 

the reduction of urine levels of FLC. 

In vitro, incubation of TEC with MM plasma induced a dose-

dependent binding of FLC. Of interest, FLC binding to TEC was 

significantly decreased by HCO treatment (Fig. 5). In addition, MM 

plasma induced dose-dependent TEC apoptosis via activation of 

caspase-3 and -9, suggesting a key role for the mitochondrial 

pathway of apoptosis. By contrast, HCO treatment reduced the 

pro-apoptotic effect of MM plasma on TEC (Fig. 6A-C). The role of 

FLC in the triggering of MM plasma-induced apoptosis was 

confirmed by experiments using TEC engineered by small 

interfering RNA to knock-down megalin, the endocytic receptor 

essential for FLC uptake. Using siRNA megalin TEC, MM plasma-

induced apoptosis and caspase activation were significantly 

reduced (Fig. 7A-C). Moreover, MM plasma induced TEC 

mitochondrial dysfunction that was inhibited by HCO treatment 

(Fig. 9A-C). Last, as observed in urine of MM patients, MM plasma 

induced TEC up-regulation of NGAL at RNA (Fig. 9A) and protein 

(Fig. 9B-C) level. HCO treatment significantly reduced NGAL up-

regulation in TEC (Fig. 9B-C).   

Conclusions 

Background 

Aims of the study 

The aims of this study were: 

 

-to correlate FLC removal by HCO filters with the levels of 

different urinary biomarkers of tubular injury such as 

NGAL, retinol binding protein (RBP) and  α1-microglobulin 

(α1-M).  

 

- to evaluate the potential role of HCO hemodialyzers to 

limit the pro-apoptotic effect of plasma of patients with MM 

on cultured TEC after FLC removal. 
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