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Bence Jones Proteins and Light Chains of Immunoglobulins
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ABstrAcT Urine specimens from patients with
multiple myeloma and Bence Jones proteinuria fre-
quently contain low molecular weight proteins which
correspond either to the amino-terminal, variant half
(Vi) or to the carboxyl-terminal, constant half (Cc)
of the Bence Jones protein. Analyses of urine speci-
mens from such patients who had received high doses
of corticosteroids as part of their treatment regimen
revealed that concomitantly with a decrease in Bence
Jones protein excretion was the appearance of a low
molecular weight protein related to the Bence Jones
protein but not identical to the Vi or to the Ce.

Analyses of daily urine specimens obtained from one
such patient over an extended time period revealed
that a reproducible chain of events occurred during a
treatment regimen which included oral administration
of 75 mg of prednisone daily for 7 consecutive days.
The amount of Bence Jones protein excreted decreased
progressively, and by the 5th day was usually less than
109 of the pretreatment value, The urine specimen
obtained on the 6th day of treatment was virtually
devoid of Bence Jones protein but contained a newly
appearing protein whose electrophoretic mobility was
distinct from that of the Bence Jones protein or its
Vi or Cu. Cessation of corticosteroid therapy resulted
in a prompt disappearance of the new protein and in
a progressive increase in the amount of Bence Jones
protein excreted.

The new protein was isolated from the urine of this
patient and was purified for comparative studies with
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Bence Jones protein and with the Vi and Cu prepared
by specific enzymatic cleavage of the Bence Jones pro-
tein. These studies revealed that the new protein was
most related antigenically to the Ci, but could be dis-
tinguished immunochemically from the C.. This new
protein, a component found in vivo related to the
constant half of the light polypeptide chain, was desig-
nated Cu*, and was structurally 25 amino acid residues
longer than the Ci, that is, the amino-terminus of the
enzymatically prepared Cu was at position 117 whereas
that of the transitory new Bence Jones-related protein
was at position 92 of the light polypeptide chain.

Biosynthetic studies were performed with plasma cells
derived from the bone marrow of this patient at a time
when both the Ci* and the Bence Jones protein were
being excreted; both proteins were identified in extra-
cellular culture fluid by immunochemical techniques.
Whether the Cu* is of synthetic or catabolic origin is
presently not known; however, the detection of the Cu*
and the absence of any detectable protein related to the
Vi in the extracellular culture fluid might imply a
synthetic origin of the Co* and suggest a corticosteroid-
induced alteration in light chain synthesis.

INTRODUCTION

Proteins of molecular weight lower than Bence Jones
proteins, but antigenically related to Bence Jones pro-
teins, have been detected in the urine specimens from
patients with multiple myeloma and Bence Jones pro-
teinuria, as well as in urine of normal individuals (1-
7). Immunochemical and structural comparisons of the
smaller urinary components with the homologous Bence
Jones protein have revealed a more frequent corre-
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Ficure 1 Therapy-induced alteration in urinary protein of a patient with multiple myeloma
and Bence Jones proteinuria. The amount of daily 24-h urinary protein excreted during an
11-mo period is presented graphically, and the treatment schedules are indicated as follows:
solid bar, prednisone, 75 mg, given orally for 7 consecutive days; hatched bar, melphalan,
14 mg, given orally for 4 consecutive days; arrow, 1,3-bis (2-chloroethyl)-1-nitrosourea, 130
mg, and cyclophosphamide (Cytoxan), 680 mg, given i.v. on the 1st day of prednisone therapy.
The gap in the graph represents a period of time during which the patient underwent surgery
and complete urine collections could not be obtained.

spondence to the amino-terminal, variant half (Vu)*
than to the carboxyl-terminal, constant half (Cv) of the
light polypeptide chain (2-6, 8, 9). The occurrence of
Vi or Cr in urine has no dependence on the antigenic
type of the Bence Jones protein, the degree of protein-
uria, or the status of renal function. These urinary
components may result from catabolic (10, 11) or
synthetic (11-15) processes.

Recently, we have observed that urine specimens from
patients with multiple myeloma who have received
high doses of corticosteroids as part of their treat-

1 4bbreviations used in this paper: Ci, carboxyl-terminal,
constant half of the light polypeptide chain; Cv*, component
found in vivo related to the constant half of the light poly-
peptide chain; C.F, constant half of peptic cleaved light
polypeptide chain; Vi, amino-terminal, variant half of the
light polypeptide chain; V¥, variant half of peptic cleaved
light polypeptide chain.
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ment regimen contain a low molecular weight protein
related to the Bence Jones protein but not identical
to either the Vi or the Cr The results of detailed
studies on one patient from whom daily urine collec-
tions were obtained for a period of almost 1 yr are
presented herein.

METHODS

Urine specimens were collected without preservative and
were maintained at 0°-4°C throughout the 24-h collection
period. Subsequently, a sample of each 24-hr specimen was
stored frozen at — 20°C or — 70°C. The remaining sample
was dialyzed extensively at 4°C in 23/32 Visking tubing
(Union Carbide Corp., New York) against deionized, dou-
ble-distilled water and then lyophilized. For analytical pur-
poses the dried urinary proteins were reconstituted in water
to a concentration of 20 mg/ml.

The protein concentration of the urine specimens was
determined by a sulfosalicylic acid turbidity method. 0.2
ml of urine was mixed with 1.5 ml of 4% sulfosalicylic
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FIGURE 2 Analyses by cellulose acetate electrophoresis of
urine specimens obtained over one cycle treatment with
melphalan and prednisone. A graph of the amount of pro-
tein excreted daily during this period is presented. The
positions of albumin (Alb), Bence Jones protein (BJP),
and the new component (*) in the electropherogram are as
indicated.

acid and incubated at 37°C for 15 min before the reading
of optical density, at 650 nm, against a saline-sulfosalicylic
acid blank. The protein concentration was determined from
a standard plot of optical density of protein solutions of
known concentration. The protein concentration of iso-
lated Bence Jones proteins or components was determined
by a modification of the Folin-Ciocalteu method (16).

Isolation of immunoglobulin components was achieved by
zone (block) electrophoresis (17) and further purified by
gel filtration through P100 polyacrylamide (Bio-Rad Labor-
atories, Richmond, Calif.) 2.5- X 100-cm columns. The elut-
ing buffer was 0.15 M NaCl, 0.005 M Tris-HC], 0.001 M
EDTA, and 0.003 M sodium azide, pH 7.6.

The methods for peptic cleavage of Bence Jones protein
into its variant half and constant half were as described
elsewhere (11).

Immunoelectrophoresis and tmmunodiffusion analyses as
well as preparation of antisera were as previously described
(18).

Cellulose acetate electrophoresis was performed on a
Microzone apparatus (Beckman Instruments, Inc, Palo
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Alto, Calif.). Optimum resolution was obtained by electro-
phoresis for 40 min in 0.075 ionic strength barbital buffer,
pH 8.6. Visualization of the protein bands after ponceau S
staining was enhanced by keeping the membrane opaque,
i.e., destaining with 5% acetic acid and drying without
further treatment.

Starch gel electrophoresis in alkaline-8 M urea-mercap-
toethanol (0.05 M glycine, 0.006 M NaOH, 0.1 M 2-mer-
captoethanol, pH 9.3) was performed as previously described
(19).

Biosynthetic studies with bone marrow obtained in a
heparinized syringe by aspiration from the posterior iliac
crest of the patient were performed as previously described
(11).

Amino acid sequence analyses were performed on a Beck-
man model 890C automated sequencer (Beckman Instru-
ments, Inc.,, Palo Alto, Calif.) using methods as previously
described (20). The phenylthiohydantoin derivatives were
identified by thin layer chromatography, gas chromatogra-
phy, or after acid hydrolysis by an amino acid analyzer
(20).

RESULTS

In order to ascertain the response to therapy we mea-
sured the amount of protein in daily urine specimens

*
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FiGure 3 Immunoelectrophoretic analyses of urine speci-
mens obtained during one treatment cycle. The antiserum
troughs contained an antiserum prepared against the pa-
tient’s Bence Jones protein. The positions of the precipitin
arc of the Bence Jones protein (BJP) and the new com-
ponent (*) are indicated. The precipitin arcs adjacent to
the antigen wells represented partially denatured, intact
Bence Jones protein.
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FIGurRe 4 Immunoelectrophoretic comparison of the new
constant half-related component (Cr*) contained in a urine
specimen obtained 48 h after initiation of treatment with
that of the constant half (C.®) and variant half (V.F)
produced in vitro by limited proteolytic cleavage of the
Bence Jones protein (BJP). The antiserum troughs con-
tained an antiserum prepared against the patient’s Bence
Jones protein. The precipitin arc adjacent to the antigen
well which contained the urine specimen represented par-
tially denatured, intact Bence Jones protein.

collected from patients with multiple myeloma and
Bence Jones proteinuria. It was noted that the amount
of protein in urine specimens from certain patients,
who were receiving corticosteroids as a part of the
treatment regimen, decreased markedly but returned
to pretreatment level with cessation of therapy. Through
detailed studies this phenomenon was elucidated in
one patient from whom we had obtained consecutive
daily urine collections for a period of almost 1 yr.

A graph of the total urinary protein excreted daily
by a 54-year old female with multiple myeloma and
Bence Jones proteinuria is shown in Fig. 1. As evident
from the graph, a reproducible chain of events occurred
during the treatment regimen which included daily
administration of 75 mg of prednisone given as one
dose orally for 7 consecutive days in conjunction with
cytotoxic chemotherapy which initially consisted of
melphalan, 8 mg/m® given orally for 4 days, and sub-
sequently, 1,3-bis(2-chloroethyl)-1-nitrosourea, 75 mg/
m? and Cytoxan, 400 mg/m® given iv. on the 1st day
of corticosteroid treatment. With each treatment cycle,
there was a marked decrease in proteinuria which, by
the 5th day, was usually less than 10% of the pre-
treatment value. The next 7-14-day period was charac-
terized by an increase in proteinuria approaching the
pretreatment value. That the marked decrease in pro-
teinuria was associated with corticosteroid treatment
and not with the alkylating agent was evidenced by the
fact that treatment with melphalan alone had no effect
on the amount of protein excreted, whereas adminis-
tration of prednisone alone produced the marked de-
crease in proteinuria.

To establish that the decrease in proteinuria indeed
reflected a decrease in Bence Jones proteinuria, we ex-
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amined by cellulose acetate electrophoresis the series
of urine specimens collected over each complete cycle.
One such cycle is presented in Fig. 2. Other than albu-
min and trace serum components, only Bence Jones
protein was evident in the urine at initiation of treat-
ment. Subsequently, the amount of Bence Jones protein
decreased, and by the 5th day after initiation of treat-
ment, there was an absence of Bence Jones protein.
Simultaneous with the decrease in Bence Jones protein
was the appearance of a new component which per-
sisted for approximately 48 h after discontinuation of
corticosteroid treatment. There was a rather abrupt
disappearance of the new component concomitant with
the reappearance of Bence Jones protein. The immuno-
electrophoretic analyses of these urine specimens with
an antiserum prepared against the patient’'s Bence
Jones protein is shown in Fig. 3. Only whole Bence
Jones protein was detected at the start of treatment.
The intensity of the Bence Jones protein precipitin
arc decreased after initiation of therapy, and at the
same time a new component antigenically deficient to
the Bence Jones protein appeared. By the Sth day after
initiation of treatment, the urine specimen was vir-
tually devoid of Bence Jones protein and only the new
component was detected for the next 2 days. 48 h after
treatment was discontinued, the new component was
no longer detectable and the Bence Jones protein had
reappeared. Furthermore, this component was evident
only in urine specimens obtained during the periods
when corticosteroids were part of the treatment regi-
men, i.e., it was not detected in urine specimens ob-
taind during the period when melphalan was given
without concomitant administration of prednisone; these
specimens were examined electrophoretically and im-
munochemically at a protein concentration of 20 mg/ml.

From the immunochemical reactivity of the new
component, it was obvious that this protein was related,
but antigenically deficient, to the intact Bence Jones
protein. Furthermore, that this component was anti-
genically related to the constant half of the Bence
Jones protein was evidenced by the fact that absorp-
tion of the homologous antiserum with a heterologous
x-chain removed all reactivity with this new component.

The relationship between this constant half-related
new component found in vivo, designated Cu*, and the
constant half produced in vitro by proteolytic cleavage
was determined by additional immunochemical studies
(Fig. 4). Bence Jones protein was subjected to limited
peptic digestion (11) so that the intact Bence Jones
protein as well as constant half (Ccf) and variant half
(Vi) of the peptic cleaved light polypeptide chain
were present. This sample was compared immuno-
chemically with a urine specimen containing the Cvu*
as well as the intact Bence Jones protein. A difference
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in the net charge of Ci® and Cu* was clearly evident
from the precipitin reactions. The Cv*, isolated by zone
electrophoresis and purified by gel filtration, was sub-
jected to alkaline-urea starch gel electrophoresis; the
mobility of Cu* was distinct from that of the isolated
Ci?, ViF, or Bence Jones protein (Fig. 5). The iso-
lated Cu* was also compared with the Cuf by immuno-
diffusion analyses in which antisera prepared against
the Bence Jones protein and against the Cu* were uti-
lized. No antigenic distinction between the Ci* and
Cu® was evident with the antiserum prepared against
the whole Bence Jones protein; however, the C.” was
antigenically deficient to the Cu* with the anti-Cu*
antiserum.

Amino acid sequence analyses of the isolated Cu
and Cu* were performed. The amino-terminal sequence
of the Cu® was homologous with the sequence of the «
light polypeptide chain beginning at position 117 in
the constant half, i.e. Ile-Phe-Pro-Pro, etc., as previ-
ously noted by Seon, Grossberg, Roholt, and Press-
man (21). The sequence of the first 28 amino acid
residues of the Ci* was Asp-Ile-Phe-Pro-Gly-Thr-Phe-
Gly-GIn-Gly-Thr-Lys-Val-Glu-Ile-Lys-Arg-Thr-Val-
Ala-Ala-Pro-Ser-Val-Phe-Ile-Phe-Pro. This sequence
includes the entire variable region of the Ci* and ex-
tends 13 residues into the constant region. By homology
with the sequence of « light chains (22), the amino-
terminus of the Cu* corresponded to position 92 in the
variant half. Thus, the Co* was 25 amino acid residues
longer than the Cuf (Fig. 6).

Additional physicochemical studies were performed
to compare the Cu* and the C.F. The characteristic heat
properties of the Bence Jones protein are known to be
conferred by the Vi (11); the additional 25 amino
acid residues of the Cu* extending into the V. were
not sufficient to produce a detectable difference between
the thermal solubility properties of the Cu* and the Ci.
In contrast to the Bence Jones protein and Vi* which
precipitated at 56°C, the Cu* and C.® remained soluble
even with heating to 100°C.

An antigenic site which is not immunochemically
demonstrable in the native intact « light polypeptide
chain has been detected in the unfolded light chain
and localized to the Ci® (23). The additional 25 resi-
dues in the Cu* were sufficient, however, to mask the
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Ficure 5 Alkaline-urea starch gel electropherogram of the
Bence Jones protein (BJP), the new constant half-related
component (Cr*) produced during the course of corticos-
teroid therapy, and the constant (C.®) and variant (V.F)
halves produced by limited peptic cleavage of the Bence
Jones protein. Each protein was isolated and purified for
comparison of electrophoretic mobilities.

hidden site. Treatment of the Cu* with a dissociating
solvent (8 M urea) exposed the site.

The Inv antigenicity of a « light polypeptide chain
is related to two genetic sites located at positions 153
and 191 in the constant region of the «-chain molecule
(24). The selective cleavage of a «x-chain into its con-
stituent Vi and Cr results in a loss of Inv antigenicity
(25). Samples of the isolated Bence Jones protein,
ViF, Cif, and Cu* were supplied to Dr. Arthur G.
Steinberg for Inv typing. The Bence Jones protein was
Inv(3), and the Vi* and C.* were devoid of Inv anti-
genicity. The Cc* and Bence Jones protein were tested
at equivalent protein concentration (1 mg/ml) for
Inv(3) activity. The Inv(3) activity of the whole pro-
tein exceeded that expressed by the Ciu* by 32-fold,
i.e.,, the Bence Jones protein and the Ci* possessed

v/c
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FIGURE 6 Amino acid sequence of the Cif and Ci.* fragments as compared to «I Bence
Jones protein ROY (22). Only différences from protein ROY are indicated.
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FiGure 7 Identification of Cir* and Bence Jones protein in culture fluid. (Left) Immuno-
electrophoresis. The antigen well contained 22-h culture fluid plus, as carrier protein, a urine
specimen obtained at a time when the patient’s urine contained both Ci* and Bence Jones
protein (BJP). The antiserum trough contained an antiserum prepared against the patient’s
Bence Jones protein. (Right) Autoradiograph. The autoradiogram was developed after 7 days

exposure.

detectable Inv(3) activity at minimal concentrations
of 0.004 mg/ml and 0.128 mg/ml, respectively.

Biosynthetic studies were performed at a time when
both Cu* and Bence Jones protein were present in the
urine. Tumor cells derived from the bone marrow were
incubated in a growth medium containing *C-labeled
lysine and isoleucine and the extracellular culture fluid
was harvested at timed intervals, The results of the
immunoelectrophoretic and autoradiographic analyses
of the 22 h culture fluid are shown in Fig, 7. The
pattern of the autoradiogram gave exact correspondence
to the two precipitin arcs obtained by immunoelectro-
phoresis; one arc corresponded to the Cu* and the
other to the Bence Jones protein. Analyses of the
extracellular culture fluid harvested at 5 h and 9 h
also revealed the presence of *C-labeled Cu* and Bence
Jones protein.

DISCUSSION

Myeloma proteins and Bence Jones proteins are bio-
logical markers of plasma cell tumors and provide a
means for an objective evaluation of the response of
the patient with multiple myeloma to therapy. Corti-
costeroids alone rarely have been effective in the treat-
ment of multiple myeloma, however, corticosteroids
have been found to enhance the effectiveness of cyto-
toxic chemotherapy as reflected by the decrease in the
concentration of serum myeloma protein and Bence
Jones protein (26-29).

While the general phenomenon of decrease in Bence
Jones protein has been observed during treatment
which includes corticosteroids, the daily changes have
not been well documented. We obtained from six of
our patients daily urine specimens before, during, and
after treatment, and found that in five patients a marked
but transient decrease in the concentration of Bence
Jones protein occurred during the period of corticoste-
roid administration. Furthermore, the decrease in Bence
Jones protein was associated in three patients with the

584

transitory appearance of a new protein related to the
Bence Jones protein and which disappeared with cessa-
tion of prednisone therapy. No association between light
chain type (x or \) and response to therapy was
evident. Analyses of urine specimens obtained daily
from one patient over an extensive time period which
included 10 treatment cycles revealed that this phe-
nomenon was reproducible and was associated with
prednisone and not with the cytotoxic chemothera-
peutic agent(s). Isolation and characterization of this
new component from the urine of three patients re-
vealed it to be structurally and antigenically most
related to the Ci, and hence, it was designed Cr*. Se-
quence analyses of the Cu* isolated from the urine of
one patient showed the Ci* to be 25 amino acid resi-
dues longer than the Ci.*. These additional 25 residues
were sufficient to mask the hidden antigenic site readily
detectable in the Ci® (22), as well as to confer detect-
able Inv antigenicity to the Cu*. However, the Cu*
like the C.® remained soluble upon heating to 100°C
(11).

The amino-terminus of the Ci* corresponded to
position 92 in the variant region of the x-chain (22).
Low molecular weight proteins related to Bence Jones
proteins have been found in urine specimens from
patients with multiple myeloma (1-6). These compo-
nents were found only in the presence of whole Bence
Jones protein, and were related to the Vi but rarely to
the C. of the intact protein. The presence of these
components were not associated with therapy, and
structural studies (8, 9) revealed that the fragments,
which were related to the variant half of the light
chain, were indeed identical to the Vi, i.e., each had its
carboxyl-terminus in the “switch” region between the
Vi and Ci and appeared to be a catabolic product of
the Bence Jones protein (10, 11). However, other ob-
servations have been indicative of a synthetic origin of
Vi or Cu. (11-15). Recently, chemical analyses of
fibrillar protein from certain patients with amyloidosis

A. Solomon, C. L. McLaughlin, and ]. D. Capra



have shown this material to consist of homogeneous
immunoglobulin light chain, either Vi or intact Bence
Jones protein, and further that Vi formed in vitro by
peptic cleavage of certain Bence Jones proteins share
physicochemical properties characteristic of amyloid
fibrils (30). However, the patients reported in this
study did not have amyloidosis, nor did the Vif of
their Bence Jones proteins have properties of amyloid.

The significance of the Cu* having its amino-terminus
at position 92, which is the beginning of the third
hypervariable region of the V. (31), remains to be
determined. Whether the Cv* is of synthetic or cata-
bolic origin is presently not known; however, the de-
tection of the Cu* and the absence of any detectable
protein related to the Vi in the extracellular culture
fluid might imply a synthetic origin of the Cu* and
suggest a corticosteroid-induced alteration in light chain
synthesis.’

Corticosteroids are known to interfere with protein
synthesis and to suppress both cell-mediated and hu-
moral immune responses. Studies by Butler, Rosen,
Couch, and Hersh (32, 33) have shown that high doses
of the corticosteroid methylprednisolone given to nor-
mal volunteers for 3 or 5 days caused a pronounced
and sustained decrease in serum IgG concentration,
The effect was attributed to suppression of ongoing
immunoglobulin and antibody synthesis since no in-
hibition of primary and secondary antibody responses
was observed; that is, the primary effect of corticos-
teroids was not on cells involved in the induction of the
immune response, but was on the plasma cell or plasma
cell precursor. It is of obvious interest to determine
whether the effects of corticosteroids on Bence Jones
proteinuria observed in our patients with multiple
myeloma result from the same mechanism responsible
for decrease in IgG in normal individuals. Detailed
measurements of the serum concentration of normal
immunoglobulins or myeloma proteins, where present,
were not possible due to the relatively small number of
serum specimens obtained. Although we observed the
phenomenon of marked decrease in Bence Jones pro-
tein in five of six patients treated with prednisone and
the concomitant appearance of Cu* in three of the
five patients, the absence of this phenomenon in one
patient similarly treated generates questions concerning
whether the effect of corticosteroids is dependent upon
specific properties of the plasma cell or of the light
chain. Biosynthetic studies are currently in progress
to investigate these factors.

*The lack of antiserum specific for Co* precluded its
identification in serum specimens. Neither the Cp* nor the
C.F was detected after incubation at 37°C for 24 h of Bence
Jones protein in a phosphate-buffered saline solution, pH
7.4, which contained prednisone at a concentration of 5
mg/ml.
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