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SUMMARY

Free light chains (FLC) are a natural product of B lymphocytes and, as such, represent a quantifiable
biomarker of cellular proliferation. Accurate measurement of the concentrations of these components in
serum and urine provides a unique means of ascertaining B cell immunoglobulin synthesis during
physiologic and, especially, pathologic states, where such information has important diagnostic and
therapeutic implications. Previously, use of such quantitative assays has been limited due to the lack of
potent serologic reagents specific for these components. We have immunized mice withk- andl-type
monoclonal human light chains (Bence Jones proteins (BJP)) and have obtained monoclonal antibodies
(MoAbs) that differentiate between unbound and bound light chains. These highly specific MoAbs were
used to measure by ELISA the concentrations of FLC in the serum of 22 normal individuals and in urine
from 16 of these subjects. The mean serumk andl FLC concentrations were found to be 16·66 6·1mg/
ml and 33·86 14·8mg/ml, respectively. In contrast, the values for urinaryk and l FLC were
2·966 1·84mg/ml and 1·076 0·69mg/ml, respectively. In each case studied, the serumk:l ratio was
consistently less than that of urine (mean values, serum< 1:2; urine< 3:1). That the rate of synthesis of
l-type FLC exceeded that ofk was evidenced in assays of culture fluid supernatants of unstimulated
normal peripheral blood mononuclear cells (PBMC), where the meank:l ratio was determined to be
1:1·4. Metabolic studies in which mice were injected with pools ofk- andl-type BJP prepared in ratios
of 1:1, 1:2 and 1:4 demonstrated that, regardless of the proportion,k FLC were preferentially excreted.
Our studies provide the first evidence thatl FLC are secreted by normal PBMC at a greater rate than are
k FLC, as evidenced in biosynthetic studies and by measurement of their serum concentrations. Further,
we posit that quaternary structural differences between the two light-chain isotypes may account for the
predominance ofk versusl components in urine.
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INTRODUCTION

Free light chains (FLC), i.e. light chains that are not covalently
linked to heavy chains (as found in complete immunoglobulin
molecules), have been shown to have important regulatory and
biological functions [1–9]. Additionally, these components serve
as unique biomarkers of neoplastic and reactive B cell-related
disorders [10–14]. Measurement ofk- andl-type FLC in serum,
urine, or other body fluids has, to date, yielded disparate results,
presumably due to the lack of specificity or potency of the antisera
used for immunoassay. Such analyses have also been limited by the
paucity of serologic reagents that can distinguish between free and
heavy chain-bound light chains and the variable results obtained

with commercially available anti-FLC MoAbs. In the course of
preparing anti-human light-chain MoAbs that recognize particular
epitopes expressed on the variable (V) or constant (C) region ofk

or l light polypeptide chains [15,16], we have identified two that
recognize only freek- or freel-chains, respectively. We have used
these highly specific reagents to measurek andl FLC concentra-
tions in serum and urine obtained from normal adults. These assays
have demonstrated a striking difference in the meank:l FLC ratio
in serum:< 1:2 compared with urine< 3:1. Further, the predomi-
nance ofl (versusk) FLC was evidenced in specimens of saliva
and cerebrospinal fluid, as well as in culture fluid supernatants of
unstimulated normal peripheral blood mononuclear cells (PBMC).
In contrast, metabolic experiments in which mice were injected
with human Bence Jones proteins (BJP) demonstrated thatk-chains
were preferentially excreted overl proteins, and that this phenom-
enon accounted for the predominance ofk FLC in urine.
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MATERIALS AND METHODS

Serum and urine specimens
Serum was obtained from 22 normal subjects (ages 22–40 years),
16 of whom also provided urine samples. Prior to assay, all
specimens were stored at –808C. Polyclonal IgG, IgA and IgM
protein standards were purchased from Hoechst-Behring (Protein-
Standard-Serum LC-A, lot no. 041713, and LC-V, lot no.
041818G; Behringwerke AG, Marburg, Germany).

Proteins
Monoclonalk- andl-type BJP and IgG, IgA and IgM proteins were
obtained from patients with multiple myeloma or Waldenstro¨m’s
macroglobulinaemia. These components were isolated from urine
and serum, respectively, by zone electrophoresis and purified by
gel filtration as previously described [17]. The light- and heavy-
chain isotypes were established by immunofixation electrophoresis
(Paragon Electrophoresis System; Beckman, Brea, CA), and char-
acterization of the light-chain variable-region (VL) was performed
serologically using anti-VL subgroup-specific MoAbs [16]. Results
were confirmed by amino acid sequence analysis. Normal poly-
clonal IgG, IgA and IgM proteins were purchased from Sigma (St
Louis, MO). Concentrations of proteins in solution were measured
by a modification of the Folin Ciocalteu method [17].

Antibodies
The production and characterization of anti-human light-chain
murine MoAbs have been described previously [15,16]. Briefly,
6–8-week-old female BALB/c mice were immunized repeatedly
with heat-precipitated BJP. Three days after the final immuniza-
tion, donor splenocytes were fused with mouse SP2/0 myeloma
cells and plated into 96-well culture plates. Culture supernatants
were screened using a liquid-phase antigen-capturing ELISA and a
reference panel of biotinylated BJP, myeloma proteins, and Wal-
denstro¨m’s macroglobulins representative of the major Vk- and Vl-
subgroup isotypes (VkI, VkII , VkIII , VkIV and VlI, VlII , VlIII , VlIV,
VlVI). Selected hybridomas were subcloned, propagated, and
injected intraperitoneally into pristane-primed mice. The MoAbs
were purified from ascitic fluid by 40% ammonium sulphate
precipitation followed by ion exchange chromatography. Perox-
idase-labelled goat F(ab0)2 anti-humank andl light chain-specific
antisera were purchased from Tago Inc. (Burlingame, CA). Affi-
nity-purified goat antibodies specific for human IgG and IgM were
obtained from Zymed Labs Inc. (South San Francisco, CA).

Competitive inhibition ELISAs
Ninety-six-well microtitre plates were coated with purified anti-
human MoAbs. After blocking and washing, the wells were filled
in duplicate with 100ml of 0·1-, 0·5-, 1·0-, 5·0- and 10·0-mg/ml
solutions of representativek- andl-type BJP and polyclonal IgG,
IgA and IgM proteins purified from normal pooled serum (Sigma).
The wells were washed and then filled with a 2-mg/ml solution of
eitherk or l biotinylated BJP as previously described [16]. After
incubation and washing, an avidin–biotin complex was added
(Vectastain; Vector Labs, Burlingame, CA), followed by a 2·20-
azino-bis [3-ethylbenzthiazoline-6 sulphonic acid] (ABTS) sub-
strate solution. The plates were read in an ELISA plate reader (Bio-
Tek Instruments, Winoski, VT) at 415 nm.

Quantitative ELISAs
Assays fork and l FLC. Polystyrene 96-well microtitre

plates were coated with 100ml of a 3-mg/ml solution of thek

or l anti-FLC-specific MoAb diluted in 0·05M bicarbonate buffer
pH 9·6 (Sigma), and incubated overnight at 48C. After washing
twice with distilled water, 150ml of a 1% solution of bovine serum
albumin (BSA) in PBS were added to saturate non-specific binding
sites. The wells were washed×3 with PBS containing 0·05%
Tween 20, followed by addition (in duplicate) of 100-ml volumes
of serial dilutions of serum, urine samples, culture fluid super-
natants, or 1·0–1000-ng/ml solutions (designated ‘standard protein
solutions’) consisting of equimolar mixtures of 20 differentk or l

BJP representative of the major Vk and Vl subgroups dissolved in
diluent buffer (PBS containing 0·5% BSA and 0·05% Tween 20).
After 2 h of incubation at room temperature and subsequent
washing (×5), the wells were filled with 100ml of peroxidase-
conjugated goat F(ab0)2 anti-humank or l light chain-specific
antibodies diluted 1:4000 in diluent buffer. The plates were
incubated for 1 h at room temperature, the wells were washed
seven times, and then 100ml of ABTS substrate were added. The
enzymatic reaction was terminated after 10 min by the addition of
100ml of 2% oxalic acid. The plates were read at 415 nm.

Assays fork- andl-type IgG, IgA and IgM proteins. Microtitre
plates were coated with 100ml of a 5-mg/ml solution of affinity-
purified goat anti-human IgG, IgA or IgM. After blocking and
washing, the wells were filled with diluted culture supernatants or
1·0–1000-ng/ml solutions of purified monoclonalk andl type IgG,
IgA or IgM protein standards. After incubation and washing,
peroxidase-labelled goat F(ab0)2 anti-humank or l light chain
was added and the plates processed as described above.

Cell separation and culture
PBMC, isolated by centrifugation through a Ficoll–Hypaque
gradient, were cultured at 5×105 cells/ml in F12 medium contain-
ing 5% fetal bovine serum (FBS), 100mg/ml penicillin and 100mg/
ml streptomycin. Each well of a 24-well culture plate was filled
with 2 ml of culture fluid and the plates incubated at 378C in 5%
CO2. Supernatants from each well were harvested after 1, 2, 4, 7,
10 and 13 days of culture. For quantification by ELISA of free and
boundk- andl-chains, the supernatants were diluted 1:3 and 1:9,
respectively.

Metabolic studies
Equimolar amounts of 10k and 10l BJP representative of the four
major Vk (kI, kII, kIII, kIV) and five Vl (lI, lII, lIII, lIV, lVI)
subgroups were dissolved in PBS and mixed together to obtain
solutions containing light chains at ak:l ratio of either 1:1, 1:2 or
1:4. The compositek andl mixtures were injected into tail veins of
mice housed in special humidified metabolic cages where urine
could be collected and studied free from faecal contamination.
Blood was obtained from the retroorbital plexus of anaesthetized
mice 20 h post-injection and the serum separated before analysis.
All urine excreted for the first 20 h was collected for assay. Mouse
urine and serum specimens were diluted 1:10 and 1:30, respec-
tively, for measurement of humank andl FLC concentrations.

RESULTS

Specificity of anti-human light-chain MoAbs
Among our MoAbs prepared against humank or l type BJP, we
found that, with rare exception, these reagents did not discriminate
between monoclonal FLC, i.e. BJP, and light chains bound
covalently tog, a or m heavy chains in the form of monoclonal
IgG, IgA or IgM molecules, respectively. When such antibodies
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were tested in a fluid-phase, antigen-binding ELISA against BJP
and intact immunoglobulins, a comparable degree of reactivity was
evidenced, as exemplified by results obtained with two such
reagents, Tk-6E4 and Tl-3F4 (Table 1). In contrast, another pair
of MoAbs, designated Fk-C8 and Fl-G9, exclusively recognizedk
andl FLC, respectively. These two reacted neither with a large
number of monoclonalk or l type IgG, IgA and IgM components,
nor with polyclonal IgG, IgA or IgM molecules (Table 1). Further,
the anti-FLC MoAbs did not recognize VL-related determinants

when they were tested with BJP representative of the major Vk and
Vl subgroups (data not shown), and were thus deemed to be CL-
specific.

The specificities of the anti-freek andl MoAbs Fk-C8 and Fl-
G9, respectively, were substantiated further in competitive inhibi-
tion assays usingk andl type BJP and polyclonal IgG, IgA and
IgM populations. As shown in Fig. 1a,k light chains effectively
blocked the binding of Fk-C8, whereas the IgG, IgA and IgM
proteins andl-chains were virtually ineffective as inhibitors.
Concordant results were obtained with the FlG9 reagent—
namely, binding was abrogated by al BJP but not by the intact
polyclonal immunoglobulins or ak type BJP (Fig. 1b). In contrast,
when the same experiments were performed with the anti-totalk

(Tk-6E4) and anti-totall (Tl-3F4) MoAbs, both intact immuno-
globulins and BJP were effective inhibitors (data not shown).

The specificity of our anti-freek andl light chain MoAbs was
further evidenced through analysis of a normal serum specimen in
which the proteins were separated by size-exclusion chromatogra-
phy. The reactivity of these reagents was confined exclusively to
molecules contained in the portion of the chromatogram that
corresponded to monomeric and dimeric forms of light chains
(i.e. 22 000–45 000 D). No reactivity was found in eluates contain-
ing intact IgG (or IgM) molecules.

Quantification of serum and urinary FLC in normal individuals
To measure by ELISA serum or urinary concentrations of FLC, we
first prepared standard curves for each light-chain isotype using
the 1–1000-ng/ml solutions of thek andl reference BJP. These
data were obtained by measuring the reactivity of the anti-freek

or l MoAbs with reference mixtures of BJP over a 4-log protein
concentration (Fig. 2). The quantitative capability of the FLC
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Table 1.Reactivity by ELISA of anti-free and anti-totalk andl light-chain
MoAbs*

Anti-free k Anti-free l Anti-total k Anti-total l
(Fk-C8) (Fl-G9) (Tk-6E4) (Tl-3F4)

Monoclonal
IgGk (n¼ 10) 0 0 þ 0
IgGl (n¼ 10) 0 0 0 þ

IgAk (n¼ 5) 0 0 þ 0
IgAl (n¼ 5) 0 0 0 þ

IgMk (n¼ 4) 0 0 þ 0
IgMl (n¼ 4) 0 0 0 þ

BJPk (n¼ 35) þ 0 þ 0
BJPl (n¼ 30) 0 þ 0 þ

Polyclonal
IgG 0 0 þ þ

IgA 0 0 þ þ

IgM 0 0 þ þ

* 0, No difference from background;þ,>0·45 OD.
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Fig. 1.Specificity of anti-light-chain MoAbs for free light chains. Inhibition
by k Bence Jones protein (BJP) of anti-free-k MoAb Fk-C8 (a) and byl BJP
of anti-free-l MoAb Fl-G9 (b) using ELISA and polyclonal IgG, IgM and
IgA proteins andk andl type BJP. OD, Optical density.B, BJPk; O, BJPl;
K, IgA; W, IgM; A, IgG.
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Fig. 2. Quantitative free light chain (FLC) assays. Standard curve fork (a)
and l (b). Results obtained using reference mixtures ofk Bence Jones
proteins (BJP),l BJP, and polyclonal IgG. OD, Optical density.B, k FLC;
O, l FLC; A, IgG.



assay was determined by adding known amounts of individualk

or l BJP or mixtures of the same to the standard protein
solutions. In each case, the volumetric effect of dilution was
considered in the calculations of the protein concentration. The
data given in Table 2 represent the mean value of three separate
experiments, and with one exception there was close agreement
between the measured and expected concentrations ofk or l FLC
in the various samples assayed. Additionally, investigation of the
effect of repeated washing of the wells after addition of protein
solutions revealed no measurable differences when wells were
washed three, five or seven times. However, background values
were considerably less with multiple washes.

For quantitative serum and urine FLC assays, specimens were
appropriately diluted (i.e. serum 1:50–1:800; urine 1:10–1:160)
in order to establish a mean value from at least two points falling
within the linear portion of the standard curve. As indicated in
Table 3, the mean concentrations and s.d. ofk and l FLC in
serum samples obtained from 22 normal subjects were
16·66 6·1mg/ml (range 8·0–29·6mg/ml) and 33·86 14·8mg/ml
(range 8·8–66·4mg/ml), respectively. The corresponding values
in urine specimens from 16 of this group were 2·966 1·84mg/ml
(range 0·22–5·85mg/ml) and 1·076 0·69mg/ml (range 0·15–
2·91mg/ml), respectively. In all 16 cases, the urinaryk:l FLC
ratios were consistently higher than those found in serum. For the
entire group of 22, the mean serumk:l ratio was< 1:2 (range
< 1:1–1:4) versus a mean urinek:l ratio of < 3:1 (range
< 1·4:1–4·4:1). The intra- and interassay coefficients of variation
for free k measurements were 3·7% and 14·1%, respectively; for
free l, the values were 7·5% and 8·4%.

Quantification ofk andl FLC in other body fluids
The concentrations ofk and l FLC were measured in cerebro-
spinal fluid obtained from seven patients with acute myelocytic
leukaemia who were in complete remission. These values ranged
from 23·0 to 76·5 ng/ml and from 49·2 to 188·3 ng/ml, respec-
tively. Except in one case, the amount of freel-chains exceeded
that of k; the meank:l FLC ratio in the seven specimens was
< 1:2. Analyses of saliva obtained from three normal individuals
revealed that freek and l concentrations ranged from 705 to
1550 ng/ml and from 843 to 1805 ng/ml (meank:l ratio < 1:2),
respectively, and were comparable to their serum FLC values
(data not shown).

Synthesis ofk andl FLC by PBMC
PBMC were obtained from four normal subjects and grown over
a 13-day period. The concentrations ofk andl FLC and of IgM
and IgG molecules in culture fluid supernatants were measured
by quantitative ELISA using our specific anti-free and anti-totalk

and l MoAbs, respectively (Table 4). Despite considerable
variation in immunoglobulin synthesis among the samples, the
k:l FLC ratios were comparable throughout the time of culture,
and the meank:l value at day 7 (< 1:1·5) was similar to that
found in normal serum. In contrast, the ratios of IgMk to IgMl

and IgGk to IgGl molecules in the culture fluids were 1·5:1 and
1·4:1, respectively.

Catabolism ofk andl FLC
To determine if the predominance ofl FLC (versusk) found in
serum of normal subjects reflected a variation in the catabolic or
excretory rate of each light-chain isotype, we injected mice
intravenously with mixtures ofk and l FLC containing BJP
representative of the four major Vk and five Vl subgroups. Three
different pools were formulated that hadk:l ratios of either 1:1, 1:2
or 1:4. Specimens of blood were obtained 20 h post-injection and
the concentrations of the human FLC determined by ELISA. With
each of the three preparations injected, thek:l serum ratio at 20 h
ranged from 1:1·3 to 1:1·9. In contrast, urine specimens collected
over the 20-h period after injection had values of< 1:1–2·3:1.

DISCUSSION

The development of MoAbs that specifically recognize freek or l

type light chains (in contrast to those reagents that cannot
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Table 2. Quantitative freek andl light-chain recovery assays*

Concentration (mg/ml)

Original Amount
concentration added Expected Measured Recovery

Assay (mg/ml) (mg/ml) (mg/ml) (mg/ml) (%)

Freek 11·2 5·0 16·2 16·2 100
10·0 21·2 21·3 101
20·0 31·2 30·1 96

Freel 22·0 5·0 27·0 20·0 74
10·0 32·0 34·4 108
20·0 42·0 43·0 102

* The data provided represent the mean values of three separate
experiments.

Table 3.Concentration of freek andl type light chains in the serum
and urine of normal subjects

Serum (n¼ 22) Urine (n¼ 16)
mean concentration mean concentration

(mg/ml) (mg/ml)

Freek 16·66 6·1 2·966 1·84
Freel 33·86 14·8 1·076 0·69
k:l ratio < 1:2 < 3:1

Table 4. Quantification of secreted immunoglobulins in 7-day cultures of
unstimulated peripheral blood mononuclear cells (PBMC) from four

normal subjects*

Subject A B C D Mean

FLC k 66·3 204·3 61·7 50·9
FLC l 107·1 277·4 90·5 78·4
k:l 1:1·6 1:1·4 1:1·5 1:1·5 1:1·5
IgM k 34·0 98·4 47·7 48·0
IgM l 39·0 96·0 27·0 20·5
k:l 1:1·1 1:1 1·8:1 2·3:1 1·5:1
IgG k 26·5 141·3 83·7 39·9
IgG l 23·1 110·7 47·3 28·8
k:l 1·2:1 1·3:1 1·8:1 1·4:1 1·4:1

* ng/ml of immunoglobulins in 2-ml cultures containing 106 PBMC.



distinguish between light-chain molecules that are either bound to
heavy chains or exist in the unbound state) has made it possible to
measure directly the concentrations of these components in serum,
urine and other body fluids. Using our anti-k and anti-l FLC-
specific MoAbs to quantify by ELISA the concentrations of these
components in the serum of normal individuals, we found notable
differences in thek:l ratios. In serum, the mean FLCk:l value was
< 1:2, whereas in urine it was< 3:1.

The quantitative data we obtained fork andl FLC in the serum
and urine of normal individuals differed somewhat (especially in
the case ofl) from those reported by other investigators. In part,
these discrepancies may be due to technical factors related to the
reagents used in the various types of analyses, e.g. radioimmu-
noassays [18–20], competitive enzyme immunoassays [14,21,22],
and immunoturbidimetric assays [13] (see also [23] and [24]). The
most notable dissimilarities occurred in the calculation of the
seruml-chain concentrations, that invariably resulted in ak:l
ratio of 1:1 or above. In contrast to the range of 8·8–66·4mg/ml we
found with our anti-freel-chain MoAb, Nelsonet al. [14] used a
commercial reagent and reported values of 0·4–4·2mg/ml; for k,
they determined the concentration to be 1·6–15·2mg/ml. Compar-
ably low seruml FLC values were also found by Sølling [19], who
separated serum FLC from intact immunoglobulins by gel filtration
and then used immunoglobulin-absorbed polyclonal anti-light-
chain antisera for immunoassay. In the case of urine, our determi-
nation of the ratio ofk to l FLC in normal individuals was in
agreement with that reported previously by other investigators
using polyclonal [19] or monoclonal [21,22] anti-FLC reagents.

The finding that the concentration ofl FLC in serum exceeded
that ofk implies thatl-chains are secreted at a higher rate. Indeed,
we found a predominance ofl FLC (versusk) in culture fluid
supernatants of normal PBMC, in contrast to IgG and IgM
molecules, wherek type molecules were more prevalent. Whether
these findings can be attributed to a higher rate ofl- versusk-chain
synthesis or, alternatively, a higher rate ofk versusl light-chain
incorporation into intact immunoglobulin molecules has not been
established.

As evidenced in our metabolic studies, the striking reversal in
thek:l ratio of FLC in urine compared with serum was due to the
propensity ofk-chains to be excreted more rapidly thanl proteins.
In experiments designed to measure FLC clearance by the kidney,
mice were injected with pools ofk andl type human BJP that were
formulated to containk:l ratios ranging from 1:1 to 1:4. In each
case, regardless of the ratio, the proportion ofk to l FLC in serum
specimens collected 20 h post-injection was consistently<0·7,
whereas in urine collected over this same time period, it was at
least 1·0 or greater. The preferential excretion ofk overl FLC has
been attributed to quaternary structural differences exhibited by the
two light-chain isotypes [25]. The fact thatk-chains exist as
monomers, non-covalent dimers, or both (depending on the dimer-
ization constant of the monomeric subunits) contrasts withl-
chains that occur predominately in the form of covalently linked
dimers. Thus, the lower molecular mass typical ofk components
would facilitate their renal excretion [26]. Whether or not the
selective removal ofk FLC in the normal state has physiologic
import remains to be established.

The measurement of free or unbound light chains can be used
as a unique biomarker of the humoral immune system. In multiple
myeloma and related plasma cell dyscrasias, the overproduction of
k or l type monoclonal FLC, i.e. BJP, has diagnostic as well as
pathologic relevance [11–14,23]. Further, compared with the

healthy state, the synthesis of polyclonal FLC is markedly
increased in conditions associated with B cell activation as found
in certain inflammatory or autoimmune diseases, e.g. systemic
lupus erythematosus [27–29], rheumatoid arthritis [30], or multi-
ple sclerosis [31,32], as well as in cancer [30], diabetes mellitus
[33], and AIDS [34]. Additionally, the functional importance of
FLC has been evidenced through studies that have demonstrated
the capability of these proteins to bind antigens [35] and to serve as
immune regulators [3–5]. Due to the seminal role of FLC in
disease as well as in the normal state, the ability to detect and
quantify accurately these components has obvious clinical rele-
vance and would, most importantly, provide a means to gain
further insight into their metabolic functions and properties.
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