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A B S T R A C T The rates of catabolism of human
yG-immunoglobulins of subclasses -yG1, yG2, yG8,
and yG4 were studied by determining the rates
of elimination from the circulation of pairs of 181I-
and 125I-labeled -yG-myeloma proteins in 57 pa-
tients suffering from cancer other than multiple
myeloma. On the average, yG1-, yG2-, and yG4-
myeloma proteins were catabolized at a rate simi-
lar to that of normal yG-immunoglobulin, whereas
yG3-myeloma proteins were catabolized more rap-
idly than normal yG-immunoglobulin. The average
half-lives for the myeloma proteins were 12.3
days for normal -yG, 11.6 days for yG1, 12.4
days for -yG2, 8.2 days for yG3, and 11.3 days
for yG4. However, significant differences in cata-
bolic rates were observed when individual mye-
loma proteins of a single subclass were com-
pared. These individual variations were present
within all four heavy chain subclasses. The
extent of differences ranged from 10 to 47%o. The
catabolic rate of normal 'yG was in an intermediate
range when compared with myeloma proteins of
relatively long and short half-lives. The rate of
catabolism of an individual myeloma protein did
not correlate with its light chain type, Gm factor,
carbohydrate content, or electrophoretic mobility.
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These findings indicate that the structure (s) re-
lated to the catabolism of yG-immunoglobulins are
complex and differ from one immunoglobulin
molecule to another.

INTRODUCTION

It has been shown by a number of investigators
working with different species that immunoglobu-
lins of different classes differ in their rates of in
vivo catabolism. In man, -yG-immunoglobulins are
relatively slowly catabolized with a half-life of
about 20 days (1, 2), whereas yA-, yM-, and
yD-immunoglobulins are more rapidly catabolized
with average half-lives of 6 (3), 5 (4), and 2.8
(5) days, respectively. Recently it has been dem-
onstrated that human yG-immunoglobulins can
be divided into four subclasses, yG1, yG2, yG3, and
yG4, on the basis of antigenic differences in the
heavy chain (6, 7).1 These four subclasses differ
also in certain biological properties. Terry re-
ported that yG1-, yG8-, and yG4-, but not 7G2-
immunoglobulins induce a reverse passive cutane-
ous anaphylaxis in the guinea pig (8). In addition,
the subclasses differ in their abilities to fix com-
plement (C'). yG1- and yG8-immunoglobulins fix
C' very well, whereas yG2-immunoglobulins fix

1 Nomenclature according to the Communication in the
J. Immunol. 99: 465. 1967. The yG-heavy chain sub-
classes have previously been called yG1 = We = y2B; yGC
= Ne = -y2a; yGa= Vi =y2c; and -yG= Ge = -y2d (6, 7).
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less C' and yG4-immunoglobulins probably do not
fix C' at all (9, 10). The present experiments
were undertaken to study the catabolic rate of
human yG-immunoglobulins of different heavy
chain subclasses. It has previously been demon-
strated that the submolecular structure responsible
for the persistence in the circulation and the slow
rate of catabolism of yG-immunoglobulins is also
located in the heavy chain (11-13). The catabo-
lism of yG-myeloma proteins was studied since
myeloma proteins are at the present time the only
available source of relatively pure immunoglobu-
lins of a particular heavy chain subclass. Because
of the considerable variations in the rate of catabo-
lism of -yG-globulin in man, pairs of 131I- and
1251-labeled myeloma proteins were injected to
determine differences in the rate of catabolism
in the same individual.

METHODS
Myelonia proteins. Eight -yG1-, five -yG2-, four yG3-,

and three -yG4-myeloma proteins were isolated from the
sera of patients with multiple myeloma either by Pevikon
block electrophoresis (14) or by DEAE-cellulose chro-
matography (12). The sera were stored at - 20'C before
the isolation of the myeloma proteins. Normal 7yG-
immunoglobulin was isolated from the sera obtained
from seven healthy donors by DEAE-cellulose chroma-
tography using 0.01 M potassium phosphate buffer, pH
8.0 (12). The heavy chain subclass of the isolated
myeloma proteins was determined by double diffusion in
agar as previously described (6), using either monkey
or rabbit antisera specific for the heavy chain subclasses.
The light chain type of the myeloma proteins was simi-
larly determined using rabbit antisera specific for human
K and X light chains (15). The Gm factors of most of the
myeloma proteins were kindly determined by Dr. S.
Litwin and a few myeloma proteins according to the
method described by Steinberg (16) using Gm reagents
obtained from Hoechst, Inc., Cincinnati, Ohio. Starch
gel electrophoresis was performed in 0.05 M glycine
buffer, pH 8.8, using a discontinuous buffer system (17).

Patients. 57 patients, 55 men and 2 women (M. Y.
and V. H.), hospitalized because of a neoplasm other
than multiple myeloma and volunteering for this study,
were injected with trace-labeled myeloma proteins. No
clinical evidence of renal disease was evident in these
patients, as revealed by laboratory tests, except for one
patient who had a hypernephroma, but no proteinuria.
The patients were given Lugol's solution 3 days before
and during the study to inhibit incorporation of liberated
radioactive iodine into the thyroid. The 7yG-serum con-
centration of the patients was determined by the radial
immunodiffusion method (18) on three samples obtained
on days 0, 12, and 21 using commercially available anti-
body-agar plates (Immunoplates, Hyland Laboratories,

Los Angeles, Calif.). The yG-serum concentrations given
in the tables represent the average of three determina-
t-ons.

Radioiodination. 2.5- or 5.0-mg aliquots of myeloma
or normal 7yG-immunoglobulins dissolved in 2 or 5 ml
0.05 M phosphate buffer, pH 7.0, were labeled with either
.3JI or '1I according to a modification of the chloramine
T method described by McConahey and Dixon (19),
using 20 ug chloramine T/mg protein and an incubation
period of 5 min before addition of the sodium meta-
bisulfite. Some myeloma proteins were labeled using a
different iodination procedure previously. described (20).
The specific radioactivity was usually about 50 Ac 'l'I
and 25 /Ac 'I/mg protein. 97-99% of the radioactivity
was precipitable by addition of an equal volume of 20%
trichloracetic acid (TCA). The radioactivity of both
the '~1I and 'MI, as well as the mixture of the two iso-
topes, was determined using a dual channel scintillation
counter (Baird-Atomic, Inc., Cambridge, Mass.). The
labeled myeloma proteins were kept at 4°C and were
injected between 24 and 48 hr after labeling. The radio-
actively labeled myeloma proteins were routinely exam-
ined by radioautography. A small amount of the labeled
myeloma proteins was added to the respective unlabeled
myeloma proteins serving as carrier, and the mixtures
were analyzed by radioimmunoelectrophoresis using a
goat anti-whole human serum obtained from Hyland
Laboratories, Los Angeles, Calif. The radioactivity was
always localized in the precipitin arc characteristic of the
myeloma protein. Neither fragmentation nor contamina-
tion of the myeloma proteins with serum proteins other
than a trace amount of normal yG-immunoglobulin was
demonstrated by this method. After the labeling proce-
dure, we prepared mixtures of two myeloma proteins
containing 50-75 gc 'I and 25-40 ,uc '5I/2 ml phosphate-
buffered 0.15 M NaCl, pH 7.2. The mixtures were sub-
sequently centrifuged in a Spinco model L ultracentri-
fuge at 40,000 rpm for 60 min using a Titanium 50 rotor
equipped with 2-ml tube adapters. Ultracentrifugation
was performed to remove any aggregates that might be
present. After ultracentrifugation, the upper 1.5 ml was
carefully aspirated into disposable plastic syringes. The
myeloma proteins injected into patients were sterilized
by Millipore filtration using 0.45 mg filters.
Determination of differences in half-lives. The pa-

tients were injected intravenously with a mixture con-
taining two myeloma proteins, one labeled with 50-75
juc "~I and the other with 25-40 ,uc "2I. 10 min after
injection, the first blood sample was drawn from the
opposite arm used for the injection. The blood was col-
lected in tubes containing dried EDTA. Subsequent blood
samples were usually obtained 5, 8, 12, 15, and 21 days
after injection. Blood samples of the first six patients
and of all patients injected with -yG3-myeloma proteins
were obtained three times per week during the first 2 wk
after injection. A single urine specimen was collected
from all patients between 5 and 12 days after injection of
the labeled myeloma proteins. Both plasma and urine
samples were kept frozen at -20°C for a maximum of
2 wk before being analyzed. The TCA-precipitable radio-
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activity of 2 ml plasma was counted. The plasma sample
obtained 10 min after injection was taken as the 100%
value in order to calculate the per cent radioactivity
remaining in the plasma after subsequent time intervals.
The per cent 'I and 'I radioactivity in the plasma was
plotted against time on semilogarithmic paper and the
half-lives of both 'I- and 'I-labeled myeloma proteins
were determined from the slope of the elimination curves
following intra- and extravascular equilibration. The
difference in the half-lives of two myeloma proteins in
a patient was expressed as the per cent difference calcu-
lated by dividing the difference in half-lives by the
longer half-life according to the formula: per cent
difference = (tj long - ti short) /tj long X 100. A typical
protocol is shown in Fig. 1.
Chemical analysis. Hexoses were determined by the

orcinol reaction as described by Svennerholm (21) re-
ducing the sample and reagent volumes to 1 and 2 ml,
respectively. An equimolar mixture of galactose and man-
nose was used as standard in concentrations of 0.058-
0.233 ,umole/ml. Spectrophotometric readings were taken
at 505 m,. The sialic acid was determined by the thio-
barbituric acid assay described by Warren (22). The
protein preparations were first hydrolyzed in a final con-
centration of 0.1 x H2SO4 for 1 hr at 80°C. Protein
nitrogen determinations were performed by a modification
of the micro-Kjeldahl technique using an AutoAnalyzer
(Technicon Co., Chauncey, N. Y.) (23).

RESULTS

In all, 57 patients were injected either with dif-
ferent pairs of 131I- and 125I-labeled myeloma pro-
teins or with normal -yG-immunoglobulin paired
with myeloma proteins. Each patient received ap-
proximately 1 mg of each trace-labeled myeloma
protein or normal yG-immunoglobulin. As can be
seen in Table I, the average half-lives of yG1-,
yG,-, and -yG4-myeloma proteins were similar with
11.6, 12.4, and 11.3 days, respectively, and did not
differ significantly from the average half-life of

100o. #l5 O.Ml. 1311 Fra(YG3)T/2 8.9
m
E 1251 Har(%G1)T/2 14.6

_.

1,-

2 5 8 12 15 21
Days

FIGURE 1 Plasma elimination curves of the 1'1I trace-
labeled 'yGa-myeloma protein Fra and the 1"I trace-
labeled myeloma protein Har in patient 0. M.

TABLE I
Average Half-Lives of Normal and Myeloma

-yG-Immunoglobulins in Humans

Num- Num-
ber of ber of Average

proteins patients half-life

Normal -yG 11 12.3 i 3.4*
Myeloma -G1 8 44 11.6
Myeloma -G2 5 16 12.4
Myeloma -yG3 4 15 8.2 ± 3.2
Myeloma -yG4 3 10 11.3

* SD.

12.3 days for normal -yG-immunoglobulin. In con-
trast, yG5-myeloma proteins were more rapidly
eliminated, with an average half-life of 8.2 days.
As shown in Table II, individual myeloma pro-
teins within a given subclass were heterogeneous
with respect to their catabolic rates. Certain mye-
loma proteins were eliminated at a similar rate,
whereas others differed significantly in their half-
lives. The heterogeneity in the rate of catabolism
of different myeloma proteins existed within all
four heavy chain subclasses. In different patients,
a particular myeloma protein consistently had
either a relatively long, medium, or short half-life.
Myeloma proteins having comparable rates of
catabolism were present in the -yG,-, yG2-, and
yG,- subclass, whereas all yG5-myeloma proteins
were eliminated faster than any of the yG1-mye-
loma proteins examined. The differences in half-
lives were expressed in per cent in order to better
compare the result from one patient to that of
another, since the absolute half-lives of a myeloma
protein varied greatly among individual patients.
Of 33 different pairs of myeloma proteins injected,
24 pairs differed significantly with differences
varying between 10.4 and 49.5%, and 9 pairs
differed only slightly or not at all. No difference
in the elimination from the plasma of the 131I and
125I protein-bound radioactivity was observed in
the control patient injected with the same doubly
labeled myeloma protein. To study the consistency
with which a particular pair of myeloma proteins
was catabolized in different individuals, we in-
jected patients with certain pairs of myeloma pro-
teins using different labeled preparations and two
different iodination procedures (Table III). Of
the yGl-myeloma protein pair Har and Cov, the
myeloma protein Cov was always eliminated more
rapidly than the myeloma protein Har. The per
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TABLE I I
Differences in Half-Lives of Human
-yG-Myeloma Proteins in Humans

Per cent
differ-

Patient yG tj
g/lOO ml yGI VS.

S.J. 2.1 Ing 13.1
R. L. 0.8 Car 7.2
W. W. 0.7 Cut 13.0
M. F. 0.5 Car 11.5
C. G. 0.6 Car 10.0
W. S. 1.5 Car 9.8
F. K. 1.8 Cov 7.2
C. M. 0.6 Jon 18.4

yG2 VS.
M. H. 1.1 Tsc 23.0
M. Y. 0.8 T9c 10.7
J. B. 1.2 Spa 10.2
L. B. 1.2 Lig 12.0
L. M. 0.3 Spa 12.8

zG3 vs.
T. C. 1.1 Fra 7.3
E. C. 0.7 Fra 10.0
V. H. 1.1 Fra 6.4

yG4 VS.
F.J. 1.1 Ger 9.2
M. P. 1.4 Ger 11.5
T. J. 2.5 Heb 6.7

-yGi VS.
J. R. 1.0 Car 9.8
H. H. 0.7 Har 19.5
L. E. 0.8 CoV 8.3
W. B. 3.5 Car 7.4
B. H. 1.1 Car 7.1

-yGi vs.
R. E. 0.7 CoV 9.2
J. A. 1.7 CoV 7.9
V. A. 1.0 Car 6.6
A. A. 1.2 Car 7.3
0. M. 1.7 Har 14.6
A. S. 1.1 Har 10.1

-yGi VS.
C. W. 1.3 Car 16.0
C. H. 1.5 Har 10.3
H. J. 1.5 COV 9.2

Control

W. 0. 1.3 Ing 15.8

tj ence

yGi
Den
Jac
Cov
Den
Ing
Har
Har
Jac

-tG2
Dah
Lig
Dah
Dom
Dom

YG3
Fel
Dep
She

yG4
Fer
Heb
Fer

DG2
Dah
Dah
Dah
Lig
Spa

Dep
She
Dep
Fel
Fra
She

Heb
Heb
Heb

13.1 0.0
7.6 5.3

12.1 6.9
10.3 10.4
8.6 14.0
12.0 18.3
9.2 21.6
14.0 24.0

23.0
13.4
7.7
7.2
6.8

0.0
20.1
24.6
40.0
46.9

7.5 2.7
9.7 3.0
9.1 29.6

9.7 5.2
13.4 14.2
5.3 20.9

10.2 3.9
17.0 12.8
10.0 17.0
10.8 31.5
11.6 38.8

7.8 15.2
5.8 26.6
4.8 33.4
4.7 35.6
8.9 39.0
5.0 49.5

17.1 6.4
11.5 10.4
11.4 19.3

Ing 15.8 0.0

cent difference was relatively constant, on the av-
erage 20.2%o with a range of 15.9-27.5%, despite
the fact that in this group of patients the absolute
half-life of the two proteins varied greatly from
one patient to the next. Similar differences in
half-lives between -yG1- and/or yG3-myeloma pro-
teins existed when the proteins were labeled by a
different iodination procedure.
To determine the relative rate of catabolism of

normal -yG-immunoglobulin, we compared the rate
of elimination of normal yG-immunoglobulin with

the elimination of a few selected yG-myeloma pro-
teins. Furthermore, the elimination of yG-immu-
noglobulin obtained from one individual was com-
pared with pooled yG-immunoglobulin obtained
from six donors. As can be seen in Table IV, the
yG-immunoglobulin obtained from a single indi-
vidual was eliminated in two patients either at the
same rate or at a very similar rate to that of
pooled yG-immunoglobulin. In contrast, the half-
lives of certain myeloma proteins differed signifi-
cantly from the half-life of normal yG-immuno-
globulin. A 'yG1 (Har)-, a yG2 (Spa)-, and a -yG4
(Heb)-myeloma protein, each having a relatively
long half-life when compared with other myeloma
proteins, were all more slowly eliminated than
normal yG-immunoglobulin. One yG1 (Car)-
myeloma protein with a medium half-life was
eliminated at the same rate as normal yG-immuno-
globulin and one yG1 (Cov) -myeloma protein with
a relatively short half-life compared to other
myeloma proteins was more rapidly eliminated
than normal yG-immunoglobulin. The two yG3-
myeloma proteins examined were both eliminated
more rapidly than normal yG-immunoglobulin.
The myeloma proteins were arbitrarily divided

into three groups having either a relatively long,
medium, or short half-life, in order to determine
a possible correlation between half-life and known
structural features of the myeloma proteins. As
can be seen in Fig. 2, no correlation existed
between rate of catabolism and light chain type,
Gm factor, hexose content, sialic acid content, and
electrophoretic mobility of the 7G1-myeloma pro-
teins studied. Similar data were obtained for the
yG2-, yG8-, and yG4-myeloma proteins (Table V).
The fraction of the myeloma proteins remaining

in the intravascular compartment was determined
in all patients by extrapolating the plasma elimi-
nation curves after equilibration between intra-
and extravascular spaces back to day 0 (Fig. 1).
But for a single exception, the degree of intra-
and extravascular equilibration of any pair of
myeloma proteins injected never differed by
more than 3%. On the average 44% of the in-
jected myeloma proteins or of the normal -yG-
immunoglobulin remained in the intravascular
compartment. The exception to this was a yG3-
myeloma protein (Fel). This protein was unique,
in that it contained bound lipoprotein and it is
possible that some globulin-lipoprotein complexes
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TABLE I I I
Differences in Half-Lives of Pairs of Labeled Myeloma Proteins with Differently Labeled

Preparations and Different lodination Procedures

Expt. UJi 1251 Per cent
Patient aG No. protein tj protein tj difference

Iodination method 1 (19)
gilOOml 1yG vs. 'yGi

F. K. 1.8 1 Cov 7.2 Har 9.2 21.6
R. 0. 1.2 2 Har 15.6 Cov 11.3 27.5
R. G. 0.4 3 Har 13.2 Cov 11.2 15.2
K. T. 1.9 3 Har 7.9 Cov 6.3 20.2
J. D. 0.7 3 Har 11.0 Cov 9.0 18.2
W. A. 1.2 3 Har 10.0 Cov 8.1 19.0

Average: 20.2

Iodination method 2 (20)
IyG1 vs. yGI

R. F. 1.2 10 Har 17.8 Cov 13.8 22.5
W. B. 1.3 10 Har 21.7 Cov 14.9 31.4

IYGI vs. yGa
C. H. 0.7 10 Cov 13.3 She 11.2 15.&
W. M. 1.5 10 Cov 17.7 She 15.6 11.9
A. G. 1.3 10 Cov 8.7 Fra 5.0 42.5
W. S. 1.2 10 Cov 10.0 Fra 6.3 37.0
T. B. 1.1 10 Har 10.6 Fra 5.5 48.1
C. Ha. 1.3 10 Har 19.8 She 15.6 21.2

might have been more rapidly eliminated from the two patients (T. B. and C. Ha., Table III) ob-
circulation during the first few days after injection. tained 1 wk after injection of yG1- and -yG3-
A single urine specimen obtained between 5 myeloma proteins contained about 0.2%o of the

and 12 days after injection was analyzed from total injected radioactivity which was not precipi-
every patient for its content of both total and table with TCA.
protein-bound radioactivity. No significant amount The yG-serum concentration was determined
of protein-bound radioactivity was detected in the in every patient in order to study the relationship
urine of any patient. A single stool specimen of between -yG-serum concentration and half-life of

TABLE IV
Differences in Half-Lives between Normal and Myeloma yG-Proteins in Humans

Per cent
Patient .yG tj tj difference

g/100 ml
-yG Pool vs. Individual -yG

J. R. 1.1 yG Pool 12.2 Spi (yG) 12.2 0.0
R. B. 1.0 -yG Pool 13.4 Spi (-yG) 13.0 3.0

Normal -yG vs. Myeloma proteins
W. M. 1.3 IyG 10.7 Car (yGO) 10.7 0.0
F. K. 1.8 IyG 9.7 Spa (yG2) 11.3 14.1
J. B. 0.5 IyG 15.0 Heb (yG4) 17.5 14.3
W. D. 0.6 -YG 18.0 Cov(-YGi) 15.3 15.0
A. B. 0.7 YG 11.7 Har(yG,) 15.0 22.0
J. B. 1.3 YG 12.9 She(-YG3) 9.5 26.4
C. W. 1.4 -YG 11.7 Fra(-yG3) 7.7 34.2
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ear CoV Cut Den Har Ing Jac Jon yG FIGURE 2 Electrophoretic mobility of

k X k k k k k k - a starch gel of pH 8.8, light chain
type, Gm factor, hexose and sialic acid

a a a f a f a a - contents, and relative rates of catabo-

10 12 24 29 11 21 13 20 11 lism of eight -yG,-myeloma proteins
and normal yG-immunoglobulin. L,

0.0 0.7 4.5 4.1 0.4 3.9 0.6 0.5 0.7 M, or S: relatively long medium, or

M S S M L M M L M short half-life of a myeloma protein.

either the myeloma proteins or normal yG-
immunoglobulin. The yG concentration remained
constant during the 21 days of the study in 45
patients, whereas it either increased or decreased
significantly in four patients. This change, how-
ever, had no apparent effect on the plasma elimi-
nation curve of the injected proteins. The 'yG-
serum concentrations varied in the 49 patients
between 0.4 and 3.5 g/100 ml (Tables II, III, and
IV). Comparison of the yG-concentration and
half-life revealed a considerable variation and no
good correlation between yG-concentration and
half-lives.

DISCUSSION

The present data demonstrate that human yG-
myeloma proteins are heterogeneous with respect
to their catabolic rates. On the average, yG3-

TABLE V
Summary of 12 -yG-Myeloma Proteins of Subclasses

IyG2, yG3, and yG4 Studied

Heavy Light
Myeloma chain chain Mol/mol
protein subclass type hexose Half-life

Dah yG2 X 28 Medium
Dom yG2 K 33 Short
Lig -YG2 X 13 Long
Spa -yG2 K 9 Long
Tsc -yG2 X 12 Medium
Dep GYG3 Not tested Short
Fel yG3 xK 28 Short
Fra IyG3 X 19 Short
She yG3 K 13 Short
Fer -YG4 K 18 Short
Ger yG4 K 25 Medium
Heb yG4 X 13 Long

myeloma proteins were more rapidly eliminated
than yG1-, yG2-, and yG4-myeloma proteins, which
were catabolized at a rate similar to that of nor-

mal yG-immunoglobulin. In addition, when indi-
vidual myeloma proteins within a single subclass
were compared, significant differences in catabolic
rates were observed. This heterogeneity was ob-
served within all four heavy chain subclasses and
the rate of catabolism also did not correlate with
the light chain type, Gm factor, carbohydrate con-

tent, or electrophoretic mobility of the myeloma
proteins.
That heterogeneity in the catabolic rate of

human yG-myeloma proteins is significant and
reflects a heterogeneity in the molecular structure
rather than a nonspecific alteration of the myeloma
proteins occurring during the isolation and label-
ing procedures is indicated by the following find-
ings. (a) The differences in half-lives of a particu-
lar pair of myeloma proteins were repeatedly and
similarly observed both in different patients and
with different preparations of the same myeloma
protein. (b) A particular myeloma protein when
injected into different patients behaved consist-
ently in that it always had either a relatively long,
medium, or short half-life. (c) The differences
in half-lives that existed between myeloma pro-

teins in man were not observed when the same

proteins were injected into certain heterologous
species (24).

It has previously been demonstrated that the

submolecular structure related to the rate of ca-

tabolism of yG-immunoglobulin is located in the

Fc fragment (11, 12). The Fc fragment is elimi-

nated from the circulation in a manner similar to
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the intact yG-molecule, whereas the Fab and
F(ab')2 fragments are rapidly eliminated and ca-
tabolized (12). Peptide maps of Fc fragments of
myeloma proteins belonging to the same heavy
chain subclass are, however, very similar except
for allotypic differences (25, 26), and do not
suggest a heterogeneity in the- amino acid sequence
that could be responsible for the heterogeneity in
the catabolism of myeloma proteins of the same
heavy chain subclass. When Fc fragments of yG-
myeloma proteins that differed from one another
in their catabolic rates were injected into mice
and monkeys, no significant differences in the rate
of elimination of the Fc fragments were observed.2
These findings suggest that a structure not present
in the Fc fragment in some as yet undefined man-
ner influences the rate of catabolism of -yG-
immunoglobulins.
The heterogeneity in the catabolic rates of indi-

vidual myeloma proteins may be partially ex-
plained by the theory proposed by Brambell for
the mechanism of yG-catabolism (27). This theory
assumes that yG-immunoglobulins are pinocytosed
at a constant rate and that a fraction of the pinocy-
tosed yG attaches via a specific site to receptors
which protect this fraction from proteolysis and
subsequently return it to the circulation. The pres-
ent data demonstrating different rates of catabo-
lism of two yG-myeloma proteins in the same
patient could be explained in at least two ways.
(a) A heterogeneity of the site on the yG-mole-
cule attaching to the protective receptor could
allow certain molecules to compete better for the
receptor and therefore they would be catabolized
more slowly. (b) The site reacting with the
receptor could be the same on each yG-molecule
but differences in susceptibility to proteolysis from
one species of molecules to another could result in
different rates of catabolism, since an equilibrium
between attached and unattached molecules would
exist and the equilibrium would shift in favor of
unattached molecules for those molecules being
more rapidly digested.
The reason for the more rapid catabolism of

yG3-myeloma proteins is not known. It probably
2 Spiegelberg, H. L., and B. G. Fishkin. The catabo-

lism of human -yG-immunoglobulins of different heavy
chain subclasses. III. The catabolism of Fc fragments of
yG-myeloma proteins and of heavy chain disease proteins.
Manuscript in preparation.

does not reflect structural differences in the Fc
fragment, since Fc fragments of yG3-myeloma pro-
teins are catabolized at a rate similar to that of
yG1-Fc fragments.2 Other structural differences
between yG3 and those of the other subclasses
might be responsible for the increased rate of
catabolism of yG3-myeloma proteins. It has been
shown in vitro that yG3-myeloma proteins are
more susceptible to papain digestion than myeloma
proteins of the other subclasses (28). As men-
tioned above, an increased susceptibility to prote-
olysis might result in a more rapid rate of catabo-
lism of -yG3-immunoglobulins. Although the
present experiments offer no evidence for it, an
alteration of the yG3-myeloma proteins could not
definitely be excluded as a cause of the more rapid
catabolism of -yG3-myeloma proteins.
A heterogeneity in the catabolic rate of mouse

myeloma proteins similar to that observed in the
present study for human myeloma proteins has
been described by Fahey and Sell (29). Although
these authors did not study the catabolism of
paired labeled myeloma proteins, the average half-
lives reported for individual mouse myeloma pro-
teins suggest a catabolic heterogeneity within a
given heavy chain subclass. In mice, y2b-myeloma
proteins which share certain biological and chemi-
cal features with human yG3-myeloma proteins 3

were, as were human yG3-myeloma proteins, ca-
tabolized more rapidly than the other myeloma
proteins.
The average half-lives of normal yG-immuno-

globulin in the present study were shorter than
those reported by other investigators for normal
yG-immunoglobulin (1, 2). The explanation of
this difference might lie in different catabolic rates
of healthy individuals and chronically ill cancer
patients and in technical differences. The longer
half-lives have usually been obtained by measur-
ing the retention of radioactivity in the body (1,
2). The serum concentration of most of the in-
jected patients was either within normal limits or
slightly decreased. No good correlation between
the yG-serum concentration and the half-lives of
both normal and myeloma yG-immunoglobulins
could be demonstrated. These findings are in
agreement with those of Solomon, Waldmann,
and 'Fahey, who also observed a considerable
variation in healthy subjects whose yG-concen-

3 Grey, H. M. Unpublished observations.
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tration was within normal limits, and only in
patients with extremely high or low yG-serum
concentrations could a definite correlation between
yG-serum concentration and rate of yG-catabolism
be demonstrated (2).
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