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Background and objectives: Monoclonal free light chains (FLC) frequently cause kidney disease in patients with plasma cell
dyscrasias. Polyclonal FLC, however, have not been assessed in patients with chronic kidney disease (CKD) yet could
potentially play an important pathologic role. This study describes for the first time polyclonal FLC in patients with CKD.

Design, setting, participants, & measurements: A sensitive, quantitative immunoassay was used to analyze serum and
urinary polyclonal FLC in 688 patients with CKD of various causes.

Results: Serum k and A FLC concentrations increased progressively with CKD stage (both P < 0.001) and strongly correlated
with markers of renal function, including cystatin-C (k: R = 0.8, P < 0.01; and A: R = 0.79, P < 0.01). Urinary FLC
concentrations varied significantly between disease groups (k: P < 0.001; A: P < 0.005) and also rose significantly with
increasing CKD stage (both FLC P < 0.0001). Urinary FLC concentrations were positively correlated with their corresponding
serum concentration (k: R = 0.63; A: R = 0.65; both P < 0.001) and urinary albumin creatinine ratio (k: R = 0.58; A: R = 0.65;
both P < 0.001). The proportion of patients with abnormally high urinary FLC concentrations rose with both the CKD stage
and the severity of albuminuria.

Conclusions: This study demonstrates significant abnormalities of serum and urinary polyclonal FLC in patients with CKD.
These data provide the basis for studies that assess the contribution of polyclonal FLC to progressive renal injury and systemic
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inflammation in patients with kidney disease.

onoclonal free light chains (FLC) frequently cause
M kidney disease in patients with plasma cell dyscra-
sias (1-4). Until recently, FLC have predominantly
been measured in the urine as Bence-Jones proteins (5). This
reflected technical limitations precluding sensitive measure-
ment of FLC in the serum. The recent introduction of highly
sensitive, quantitative immunoassays have enabled the mea-
surement of serum FLC to become a routine part of the screen-
ing and monitoring of plasma cell dyscrasias (6-8).

Despite the widely known nephrotoxicity of monoclonal
FLC, there has been no detailed assessment of polyclonal FLC
in patients with chronic kidney disease (CKD). During synthe-
sis of intact Ig by plasma cells, FLC are produced in excess of
heavy chains (9). These excess polyclonal FLC are released into
the serum, from where they are rapidly removed by the kid-
neys with a half-life of 2 to 6 h (10). In patients with CKD,
however, as the GFR reduces, the renal clearance of polyclonal
FLC decreases and serum concentrations rise. It is possible that
these rising concentrations of polyclonal FLC may result in the
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same progressive renal pathologies that are frequently associ-
ated with monoclonal FLC. In addition, the known systemic
toxicity of monoclonal FLC indicates that elevated polyclonal
FLC may have further biologic relevance in CKD, but this
hypothesis has not been previously explored, and accurate
quantification of FLC in patients with CKD is lacking. The aim
of this study was to assess quantitatively polyclonal FLC in
patients with CKD, describing for the first time the relationship
of serum and urinary FLC concentrations to renal function and
albuminuria.

Materials and Methods

The study was approved by the Solihull and South Birmingham
Research Ethics Committees and the Research and Development De-
partment of University Hospital Birmingham NHS Foundation Trust.
All patients gave informed, written consent.

Study Design and Participants

Serum samples were initially assessed in 756 patients with stages 1
through 5 CKD (predialysis) and 46 long-term dialysis patients. For the
predialysis CKD group, archived serum from 370 patients who were
enrolled in the Chronic Renal Impairment in Birmingham (CRIB) co-
hort (11) were retrospectively analyzed, and 386 patients were recruited
prospectively from clinics at our center between January and Septem-
ber 2006. For the dialysis group, 24 peritoneal dialysis (PD) patients and
22 hemodialysis (HD) patients were studied, with samples taken im-
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mediately predialysis from HD patients. All serum samples were ini-
tially screened for monoclonal proteins by serum protein electrophore-
sis (SPE) and quantification of k and A FLC with calculation of the FLC
ratio. When a monoclonal band was suggested on SPE or the FLC ratio
was outside the normal range, the presence of a monoclonal protein
was confirmed by immunofixation electrophoresis and these patients
were excluded from further evaluation. Urinary FLC were assessed in
the prospective population of patients with CKD (1 = 386).

The CKD serum samples were compared with a published control
population (1 = 282) (12). Urine samples, from healthy volunteers
without albuminuria (assessed by albumin/creatinine ratio [ACR])
were used to create a control population for urinary FLC (n = 104).

Sample Handling and Laboratory Assessment

The CRIB samples were stored at —80°C until analysis; previous
work has demonstrated the stability of FLC over many years (13).
Serum creatinine had previously been analyzed at the time of collec-
tion. Samples from the prospective cohort were immediately analyzed
for serum and urinary creatinine and urinary albumin. Aliquots were
stored at 4°C until analysis for serum monoclonal proteins, and a
separate aliquot was frozen until analysis for cystatin C.

Serum and urine k and A FLC concentrations were measured by
nephelometry, on a Dade-Behring BN II Analyser, using particle-en-
hanced, high-specificity, homogeneous immunoassays (Freelite; The
Binding Site, Birmingham, UK) (6). The assay sensitivity was <1 mg/L
(12). The normal serum reference ranges used have previously been
reported and were as follows: k 3.3 to 19.4 mg/L; X 5.7 to 26.3 mg/L;
ratio 0.26 to 1.65 (12). Urine samples were analyzed undiluted, and FLC
results were corrected for urinary creatinine to give an FLC/creatinine
ratio. SPE and immunofixation were undertaken using the Sebia Hy-
dragel 15/30 Protein kit and the Hydragel 4 Immunofixation PE kit on
the Hydrasys system (Sebia, Lisses, France).

Serum creatinine was measured using the Roche Modular Analyser
(Roche Diagnostics, Newhaven, UK); the normal range was 50 to
125umol/L. Cystatin C was measured using an nephelometric immu-
noassay (The Binding Site); the normal range was 0.55 to 1.44 mg/L.
Estimated GFR (eGFR) were calculated using the creatinine-based
Cockroft-Gault equation (14).

Serum Polyclonal FLC in Patients with CKD and End-Stage
Renal Failure

Median serum FLC concentrations and k:A ratios were calculated for
the control and study populations. In the study population, median «
and A concentrations and k:A ratios were calculated for each CKD stage.
Correlations of k and A concentrations with markers of renal function
were determined (serum creatinine, eGFR, and cystatin C).

Urinary Polyclonal FLC in Control Population and Patients
with CKD

Reference ranges for urinary k/creatinine and A/creatinine ratios
(KCR and LCR, respectively) were defined from the control population.
Median urinary KCR and LCR were calculated for the study population
as a whole and each CKD stage. The proportion of patients with CKD
and abnormal urinary FLC was assessed for each CKD stage and the
degree of albuminuria (urinary ACR groups: <2, 2 to 10, 10 to 20, and
>20). Correlations of urinary FLC/creatinine ratios with serum con-
centrations of FLC and the urinary ACR were determined.

Statistical Analysis
SPSS 14.0 (SPSS, Chicago, IL) was used to assess statistical signifi-
cance. All data were nonparametric and presented as medians with
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ranges; compared using the Mann-Whitney U test, P < 0.05 was con-
sidered significant. The Kruskal-Wallis test was used to determine the
significance of variations in results between CKD stages and diagnostic
groups. Spearman correlations were undertaken to give correlation
coefficients; significance was assumed at P < 0.01.

Results
Study Populations

After exclusion for monoclonal proteins (n = 68; 9%),
polyclonal FLC were analyzed in 334 samples from the CRIB
cohort and 354 samples from the prospective cohort (Figure
1). Urine analysis was undertaken on samples from 338
patients in the prospective cohort. The study population
demographics, renal diagnoses, and biochemical parameters are
presented in Table 1.

Serum Polyclonal FLC and Renal Function

The serum polyclonal FLC concentrations for the study pop-
ulation are presented in Table 1. Both x and A FLC concentra-
tions were significantly greater in patients with CKD than in
the control population: k 43.8 (3 to 251) versus 7.3 (3.3 to 19.4)
and A 38 (1 to 251) versus 12.4 (5.7 to 26.3; both P < 0.001).
Furthermore, concentrations of serum FLC rose progressively
through each CKD stage (both P < 0.0001; Figure 2A). Serum «
and A concentrations correlated significantly with all markers
of renal function studied (Table 2). The strongest correlations
were with cystatin C (k: R = 0.80, P < 0.01;and A: R = 0.79, P <
0.01).

Patients on both HD and PD had significantly raised serum
FLC concentrations compared with the control population (Fig-
ure 2B). Furthermore, in both of these groups, concentrations
were greater than predialysis patients with stage 5 CKD (both
P < 0.01): HD: « 130 mg/L (53 to 408), A 109 mg/L (51 to 470);
PD: k 119 mg/L (30 to 266), A 121 mg/L (36 to 263); CKD stage
5: k 80.3 mg/L (23 to 223), A 63.7 mg/L (19 to 210).

The median «:A ratio for the whole CKD population was
significantly greater than that of the control population: 1.12

CRIB population Prospective
(n = 384) population
(n = 3886)
Excluded:
sinadequate serum avallable | LEncIudsd
(n=14} il of
smanccional proteins (n =36) monogclonal
proteins (n =32)
¥ v
CRIB population Prospective
{n= 334) population (n=354)

Urine NIA
(n=18)
h 4 h 4 h 4

Serum FLCs analysed in 688 CKD Urinary FLCs analysed in
palienis 338 CKD patients

Figure 1. Schematic of chronic kidney disease (CKD) popula-
tions assessed. N/ A, not available.
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Figure 2. Serum free light chain (FLC) concentrations in patients
with CKD. (A) Both « (B)) and A ([J) FLC increased progres-

required renal replacement therapy had serum FLC concentra-
tions significantly higher than patients with stage 5 CKD (both
P < 0.001). There were no significant differences in serum
concentrations of FLC between the peritoneal dialysis (PD) and

sively with each CKD stage (both P < 0.0001). (B) Patients who
hemodialysis (HD) populations: k, P < 0.09; A, P < 0.5. Data

presented as box plots with whiskers; solid lines denote median

values.

polyclonal serum FLC with serum creatinine, eGFR,

Table 2. Spearman correlation coefficients for CKD
and cystatin C*
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Figure 3. Serum FLC ratio in patients with CKD. (A) The FLC
ratio increased progressively through stages 1 through 5 CKD:
0.85 (0.3 to 1.8), 0.86 (0.5 to 1.92), 1.04 (0.45 to 2.3), 1.16 (0.49 to
3),and 1.19 (0.6 to 2.9), respectively (P < 0.01). (B) The FLC ratio
was also significantly raised in patients who received renal
replacement therapy compared with that of the control popu-
lation: 0.6 (0.26 to 1.65); PD 0.97 (0.32 to 2.35) and HD 1.2 (0.69
to 2.57). Data presented as box plots with whiskers; solid lines
denote median values.

Urinary Polyclonal FLC

Urinary FLC were assessed in a control population with
normal urinary ACR. The 100% ranges for KCR and LCR in this
population were 0.006 to 8.7 (median 0.68) and 0.003 to 0.649
(median 0.06), respectively. The 95% reference ranges were 0.01
to 4.0 and 0.005 to 0.45, respectively.

Urinary KCR and LCR rose progressively through CKD
stages (Figure 4) and had a negative correlation with renal
function (eGFR: R = —0.515, P < 0.0001; and R = —0.522, P <
0.0001, respectively). The proportion of patients with abnormal
FLC/creatinine ratios was higher with both increasing CKD
stage and albuminuria (Figure 5). There were significant differ-
ences in KCR and LCR between various diagnostic groups (P <
0.005 and <0.0001, respectively; Table 1); however, multivariate
analysis demonstrated that this difference was not independent
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Figure 4. Relationship of urinary FLC/creatinine ratios with
CKD stages. Both k/creatinine ratio (KCR; E) and A/creatinine
ratio (LCR; [) increased progressively through each CKD
stage; 1, 2.3 (0.3 to 21) and 0.25 (0.03 to 8.7); 2, 2.3 (0.11 to 31)
and 0.39 (0.02 to 10); 3, 7.2 (0.1 to 126) and 1.23 (0.01 to 70); 4, 17
(0.22 to 123) and 4.55 (0 to 36.8); and 5, 24 (4.2 to 121) and 6.1
(0.78 to 77), respectively (both P < 0.0001). Data presented as
box plots with whiskers; solid lines denote median values.

of eGFR and urinary ACR (P < 0.2). Urinary KCR and LCR
correlated with each other (R = 0.96, P < 0.001) and their
corresponding serum FLC concentrations (R = 0.55 and 0.57
respectively, P < 0.001 [controlling for ACR]). The correlations
of urinary KCR and LCR with urinary ACR varied between the
disease groups (Table 3).

Discussion

Historically, FLC have only been quantifiable in patients with
plasma cell dyscrasias and then only in the urine as Bence-Jones
proteins (5). This was because of the lack of sensitive and
specific assays for measuring FLC in the serum. Since 2001,
immunoassays that can measure FLC at low concentrations
have been available (6), and these are now routinely used in the
diagnosis and follow-up of patients with plasma cell dyscrasias
(7,8).

Nowrousian et al. (15) used these assays to measure poly-
clonal FLC in patients with multiple myeloma and found that
serum and urinary FLC concentrations were increased in those
with renal impairment. Using these assays, we have character-
ized polyclonal FLC, for the first time, in a population of
patients with CKD of mixed causes, excluding those with
plasma cell dyscrasias. We describe the relationship of serum
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Figure 5. Percentage of patients with abnormal urinary FLC/
creatinine ratios according to urinary albumin/creatinine ratio
(ACR; A) and CKD stages (B). The percentage of patients with
abnormal urinary FLC/ creatinine ratios increased with increas-
ing ACR (<2 = 45%; 2 to 10 = 61%,; 10 to 20 = 89%; >20 = 93%;
P < 0.001) and through the CKD stages (1 through 5: 36, 50, 74,
89, and 100%, respectively; P < 0.001).

and urinary polyclonal FLC with kidney function and disease
states.

In patients with CKD, serum « and A FLC showed strong
positive correlations with serum creatinine and cystatin C and
negative correlations with eGFR. The correlations of both se-
rum FLC were stronger with cystatin C than either creatinine or
eGFR. Possible explanations for this are that cystatin C has a
molecular weight closer to FLC than creatinine and the preci-
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sion of creatinine-based estimation of GFR in patients with
moderate renal impairment, which is known to be relatively
low (16). There was a stepwise increase in the median serum
FLC concentrations with each CKD stage. Moreover, patients
on dialysis had significantly higher FLC concentrations than
predialysis patients with stage 5 CKD, which emphasizes that
current dialysis modalities do not provide adequate clearance
of these middle molecular weight proteins (17).

Serum FLC concentrations varied between the different renal
pathologies, most notably patients with diabetes had concen-
trations higher than patients with other diagnoses. A possible
explanation for this finding is chronic inflammation, which is
well described in patients with diabetes (18,19), because chronic
inflammation itself is associated with increased polyclonal FLC
(20,21).

k FLC are produced at approximately twice the rate of A FLC
(22); however, A FLC more frequently form dimers, which
doubles their molecular weight and slows their renal clearance.
Consequently, in normal serum, k FLC concentrations are
lower than A FLC concentrations, resulting in a median serum
ratio of 0.58 (normal range 0.26 to 1.65) (12). As the renal
clearance of serum FLC is reduced, the reticuloendothelial sys-
tem becomes an increasingly important route for FLC clearance
(9). Because reticuloendothelial clearance is not influenced by
the molecular weight of the FLC, the serum half-lives of k and
A become closer as renal function worsens. Consistent with this,
the median FLC ratio increased with CKD stage. Hence, the
serum ratio moves toward the higher k production rate as the
GEFR decreases. This increased the reference range for the FLC
ratio in patients with kidney failure from 0.26 to 1.65 to 0.37 to
3.1. Using this new reference range increased the specificity of
the FLC assays for detecting monoclonal FLC production in
patients with severe renal failure (23).

Urinary polyclonal FLC concentrations correlated strongly
with serum FLC concentrations as might be anticipated because
FLC are filtered relatively freely at the glomerulus. Previous
population studies, however, reported poor correlations be-
tween urinary and serum concentrations of monoclonal FLC
(24,25). This is likely to reflect divergent tubular handling of
polyclonal and monoclonal FLC. Proximal tubular reabsorption
of proteins is mediated by megalin-cubulin receptor endocyto-
sis, which has a limited capacity and differential affinity for
individual proteins (26,27). Accordingly, the concentration of a
monoclonal FLC in the urine will depend on the serum FLC
concentration, the degree of albuminuria (reflective of glomer-
ular damage from the monoclonal protein), the degree of tubu-
lar damage (reflective of monoclonal tubular disease), and the
affinity of tubular receptors for that individual FLC. In contrast,
the urinary concentration of polyclonal FLC in a patient with
CKD will depend on the serum FLC concentrations, the degree
of albuminuria, the degree of tubular damage (of any cause),
and the affinity of the tubules for all FLC (a median value).

The fractional excretion of both k and A FLC varied signifi-
cantly between the various renal disease groups. In particular,
patients with diabetic nephropathy and those with ischemic
nephropathy had higher fractional excretions than those with
nondiabetic glomerular diseases. This may relate to differences



Clin ] Am Soc Nephrol 3: 1684-1690, 2008

Table 3. Urinary FLC according to disease group®

Free Light Chains in Chronic Kidney Disease 1689

Parameter Serum «k Serum A Urinary ACR Fractional Excretion”
Nondiabetic glomerular nephropathies
KCR 0.53° - 0.58° 32.30
LCR - 0.52° 0.63° 5.40
Diabetic nephropathy
0.47¢ - 0.22 94.70
- 0.48° 0.18 30.90
Ischemic nephropathy/renovascular disease
0.47¢ - 0.09 42.40
- 0.6° 0.20 9.20

*Correlations of urinary FLC/creatinine ratios with corresponding serum FLC concentrations (controlling for albumin/
creatinine ratio [ACR]) and urinary ACR (controlling for serum FLC concentrations) according to disease groups.
PFractional excretion of both urinary FLC varied significantly by disease group.

“Coefficients significant at the level of 0.01 (two-tailed).

in proximal tubular function between these disease groups. In
addition, patients with nondiabetic glomerular diseases did not
have very high urinary FLC concentrations, but they did dem-
onstrate a significant correlation between urinary ACR and
FLC that was not evident in other disease groups. This may
reflect the limited capacity for tubular reabsorption of middle
molecules and would be compatible with previous work that
demonstrated that the tubules reabsorb albumin in preference
to FLC.

This study has demonstrated that as renal function decreases,
the serum and urinary concentrations of polyclonal FLC in-
crease up to five-fold in predialysis CKD. Thus, as nephrons are
lost, the remaining nephrons are exposed to increasing concen-
trations of polyclonal FLC. Recent studies demonstrated that
monoclonal FLC promote proximal tubular injury by increasing
intracellular oxidative stress with the subsequent production of
monocyte chemoattractant protein 1 (28). Further work has
shown that FLC induce epithelial-mesangial transition (29) and
activate mesangial cells to proliferate and increase production
of matrix proteins (30). The hypothesis that polyclonal FLC
present in increasing concentrations in patients with CKD may
be capable of inducing similar injuries is now being investi-
gated. Furthermore, FLC may have a role as systemic uremic
toxins. In a series of studies, Cohen ef al. (31-33) demonstrated
that polyclonal FLC, isolated from patients with end-stage renal
failure, reduced neutrophil function. This may predispose pa-
tients to increased bacterial infections and promote the proin-
flammatory state characteristic of patients with advanced kid-
ney disease.

Conclusions

This study describes polyclonal FLC in patients with CKD.
Serum concentrations of polyclonal FLC correlated closely with
all markers of renal function studied. Urinary FLC concentra-
tions varied according to the type of renal disease, CKD stage,
and albuminuria. These data provide the basis for studies to
assess the contribution of polyclonal FLC to progressive renal
injury and systemic inflammation in patients with kidney dis-
ease.
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