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Immunoglobulins Cytophilic for Human

Lymphocytes, Monocytes, and Neutrophils

DAVDA. LAWRENCE,WILLIAM 0. WEIGLE, and HANSL. SPIEGELBERG

From the Scripps Clinic and Research Foundation, La Jolla, California 92037

A B S T R A C T The cytophilic activity of human mye-
loma proteins of different classes and subclasses for
lymphocytes, monocytes, and neutrophils was inves-
tigated. Binding of both unaggregated immunoglobu-
lins (Ig) and Ig aggregated with rabbit F(ab')2 anti-
Fab fragment sera was determined. Lymphocytes bound
unaggregated IgG1 and IgG3 proteins, but none of the
proteins of the other classes. In contrast, after aggrega-
tion, IgG of all subclasses and IgE proteins bound to
lymphocytes; aggregated proteins of the other classes
did not bind. Monocytes bound unaggregated IgG1 and
IgG3 better than IgG4 whereas the binding of pro-
teins of other classes was insignificant. Neutrophils
bound unaggregated IgG1 and IgG3 proteins and, in
addition, IgAl, IgA2, secretory IgA, and IgG4 pro-
teins. After aggregation, the neutrophils bound more Ig
of all classes; however, the differences between the
amounts bound remained similar to the amounts of
unaggregated proteins. The native structure of the Ig
molecule is necessary for the maintenance of complete
activity, because Fc fragments bound less than intact
Ig, and reduction and alkylation abolished cytophilia.
The Fc receptors on all cell types tested showed no
specificity for any of the respective cytophilic IgG
subclasses; however, neutrophils appear to have sepa-
rate receptors for IgG and IgA proteins.

INTRODUCTION
In 1960, Boyden and Sorkin demonstrated that radio-
iodinated antigens could be bound to normal spleen
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cells which had previously been incubated with specific
antisera (1). The term "cytophilic" immunoglobulins
(Ig) ' was coined for these cell-bound antibodies in
immune sera. The physical and biological properties
of cytophilic antibodies were further investigated by
Berken and Benacerraf (2), who reported that cyto-
philia is restricted to certain Ig classes, that the Ig
binding site for macrophages is located on the Fc
fragment, and that the binding is not complement de-
pendent. Ig have been shown to be cytophilic to macro-
phages (2-5), neutrophils (6), basophils (7), mast
cells (8), and recently also to lymphocytes (4, 9). Cyto-
philic antibodies are involved in opsonization, a promo-
tion of phagocytosis, and additional biological signifi-
cance of cytophilic Ig was shown by the finding that
IgE antibodies gave rise to allergies by binding to baso-
phils and mast cells and inducing release of vasoactive
substances from these cells after reaction with antigen
(8). Cytophilic Ig may also enhance humoral and cellu-
lar immune responses as a function of their binding to
macrophages (10) and/or thymus-derived (T) lym-
phocytes (11) which, in turn, could aid presentation of
antigen to potential antibody-producing cells and in-
crease immune clearance; in addition, they may be
involved in delayed hypersensitivity (12, 13).

To date, most investigations of cytophilic Ig have
involved macrophages or neutrophils and have employed
a "rosette" technique in which antibody-coated red cells
bind to phagocytes with Fc receptors (2, 4-6). Use of
a rosette formation inhibition assay has shown that
human IgG1 and IgG3 proteins are cytophilic for mono-

cytes (5) and neutrophils (6). More recently, cyto-
philic properties have also been studied by measuring
macrophage uptake of radiolabeled Ig (3), or release

"Abbreviations used in this paper: B, bone marrow-de-
rived; BSA, bovine serum albumin; BlSS, balanced salt
solution; FCS, fetal calf serum; Ig, immunoglobulin; NGG,
normal human IgG; S-IgA, secretory IgA; T, thymus-
derived.
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of histamine from basophils (8), or release of P-glu-
curonidase from neutrophils (14). Nine classes and
subclasses of human Ig have been identified, but little
is known about their individual cytophilic capabilities,
particularly with lymphocytes. The present investiga-
tion was undertaken to further characterize the cyto-
philic properties of the different Ig by studying their
ability to bind to lymphocytes monocytes, and neutro-
phils. Human myeloma proteins and normal immuno-
globulins were labeled with '`I, and the uptake of both
unaggregated or aggregated proteins was studied.

METHODS
Myeloma protein. 19 myeloma proteins, three macro-

globulins, normal IgG, and secretory IgA were studied.
The myeloma proteins consisted of four IgG1, four IgE,
two each of the IgG2, IgG3, IgG4, IgAl, and IgA2, and
one IgD protein. The IgG myeloma proteins of slow elec-
trophoretic mobility were isolated by DEAE-cellulose chro-
matography with 0.005 M phosphate buffer, pH 8.0. Nor-
mal human IgG (HGG) and myeloma proteins of fast
gamma mobility were isolated with a 0.015 M phosphate
buffer, pH 8.0. IgA myeloma proteins were isolated by
Pevikon block electrophoresis, followed by Sephadex G-200
gel filtration. The isolated human secretory IgA was kindly
provided by Dr. T. Tomasi. The IgD myeloma protein was
isolated as previously described (15). IgE myeloma pro-
teins were purified by DEAE-cellulose chromatography
with a 0.015 M phosphate buffer, pH 8.0, followed by
Sephadex G-200 gel infiltration. IgM macroglobulins were
isolated by repeated euglobulin precipitations, followed by
Sephadex G-200 gel filtration. The isolated proteins were
analyzed by immunoelectrophoresis and radio immunoelec-
trophoresis with sheep anti-whole human serum or rabbit
anti-HGG. Only traces of contaminating # and a2 proteins
were detected in the IgA and IgM preparations, respec-
tively. In order to minimize the amount of normal IgG in
the IgG myeloma proteins, only sera from patients having
4 g or more of myeloma protein/100 ml serum were used.
Class and light chain type were determined by double dif-
fusion in agarose with specific rabbit or goat antisera. The
IgG subclasses were identified with specific rabbit antisera
(16).

F (ab')2, Fab, and Fc fragments of IgG myeloma pro-
teins were prepared as previously described (17). Mild
reduction and alkylation was performed exactly as described
by Rhodes (18). The IgM proteins Og2 and Vi, the IgA2
protein Kr, and the IgG3 protein Ca were dissolved in 0.1
M Tris buffer and reduced with 0.7 mMdithiothreitol for
1 h at room temperature, after which the proteins were
alkylated by addition of 3.0 mMtwice recrystallized iodo-
acetamide and incubated for 1 h at 0'C. The proteins were
then dialyzed against 0.15 M NaCl, pH 7.0, and iodinated
for binding studies.

Anti-Fab fragment antisera. Hyperimmune rabbit anti-
sera to human light chains and Fab fragments from a
previous experiment involving rabbits tolerant to human
gamma globulin Fc fragments were used (19). The globu-
lin serum fraction was then precipitated with 50%o satu-
rated ammonium sulfate and digested with pepsin at pH
4.0 according to the method of Nisonoff, Wissler, Lipman,

'The proteins are identified by abbreviation of the pa-
tient's name.

and Woernley (20). A small amount of the precipitate
which formed during digestion was removed and the super-
nate dialyzed against phosphate-buffered 0.15 M NaCl, pH
7.0. No Fc determinants were demonstrable in this prepa-
ration when analyzed with a sheep anti-rabbit IgG anti-
serum. The F(ab')2 fragments still specifically precipitated
isolated Bence Jones proteins or myeloma proteins of either
K or L type when analyzed by double gel diffusion in aga-
rose at a concentration of 10 mg protein F (ab' ) 2 frag-
ments/ml.

Isolation of lymphocytes, monocytes, and neutrophils.
Lymphocytes, monocytes, and neutrophils were isolatedfrom
the peripheral blood of individual healthy human donors.
Lymphocytes were purified by Ficoll-Hypaque gradients
and nylon fiber columns as described by Mendelsohn, Skin-
ner, and Kornfeld (21). Monocytes were obtained by the
method of Huber and Fudenberg (5), which utilizes a 28%
bovine serum albumin (BSA) gradient. Neutrophils were
isolated by the technique described by Henson (22). The
neutrophil preparation was actually a granulocyte prepara-
tion; it contained approximately 2-6% eosinophils but will
be referred to as "neutrophil" because neutrophils repre-
sented the majority of the cells. The final cell preparations
of lymphocytes, monocytes, and neutrophils were 95-99,
80-90, and 90-98% pure, respectively, as determined by
differential cell counts. All cell preparations were 95-99%
viable as determined by trypan blue exclusion.

Binding assay of I-labeled proteins. Suspensions of
5 X 108 cells in 0.1 ml of balanced salt solution (BSS) con-
taining 0.25% BSA and 0.7 mMEDTA were put into
plastic tubes on ice; 0.7 mMEDTA was consistently used
in the incubation medium, because it has been reported to
lower nonspecific binding (23). "MI-labeled proteins were
added in a volume of 10 Al, and the cells were gently mixed
for 30 min at 4VC. After incubation the cells were washed
twice with 100% fetal calf serum (FCS) by layering 1 ml
of cell suspension on 6 ml of FCS and centrifuging at 250 g
for 10 min. FCS washes were used because when cell counts
after each wash were determined and plotted against num-
ber of washes, the plot was linear after two washes;
whereas when BSS was used, 4-6 washes were required.
To eliminate contribution of small but variable amounts of
radioactive proteins sticking to the tubes, the plastic tubes
were discarded after each wash and the cells transferred
to a new tube. After washing, the final cell pellet was
suspended in 1 ml of BSS and again transferred to a new
tube before being assayed in a well type scintillation
counter. The results were expressed as picograms of im-
munoglobulin per 106 cells. All analyses were performed
in duplicate, sometimes in triplicate analyses, which usually
did not vary by more than ±10%; if a greater variation
was observed the results were discarded. As a control for
nonspecific sticking to the cells, human and bovine serum
albumin were - similarly labeled and tested. In inhibition
studies, various amounts of unlabeled proteins in 5-1.l
volumes were added to the cells, and the mixtures were
preincubated for 30 min at 4VC. Binding of unaggregated
and aggregated "~I-labeled proteins was investigated. The
"I-labeled proteins, 4 Atg/ml, were deaggregated by ultra-

centrifugation in a Beckman SW65 rotor (Beckman In-
struments, Inc., Spinco Div., Palo Alto, Calif.) at 40,000 g
for 150 min. Aggregation was accomplished by use of
rabbit F (ab') 2 anti-human Fab fragment sera. Cells were
incubated with the "2I-labeled proteins for 30 min at 4C,
after which antibodies (0.1-1,000 iug/0.1 ml) were added
and the mixture incubated for 30 min longer.

Radioiodination and autoradiography. Proteins were
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FIGURE 1 Binding of 'I-labeled Ig to human lympho-
cytes. Each column represents uptake of either HGG, S-
IgA, or a myeloma protein identified by abbreviation of
patient's name and each point, the mean of duplicate de-
terminations with an individual's lymphocyte preparation.
The shaded area indicates the highest binding of IgG2
proteins below which binding is considered insignificant.

labeled in small volumes with 'I (ICN Corp., Chemical
& Radioisotopes Div., Irvine, Calif.) by a chloramine-T
procedure (24). The specific activity of the different prepa-
rations varied from 27 to 50 gkCi/4yg. The autoradiographic
method employed was a slight modification (25) of that
described by Davie and Paul (26). Autoradiographic ex-
posure time was 10-14 days.

RESULTS
Binding of unaggregated immunoglobulins to human

lymphocytes, monocytes, and neutrophi1s. The amounts
of unaggregated MI-labeled myeloma proteins, HGG,
and secretory IgA (S-IgA) that bound to lympho-
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FIGURE 2 Binding of lIIlabeled Ig to human monocytes.
Each column represents uptake of either HGG, S-IgA, or
a myeloma protein identified by abbreviation of patient's
name and each point, the mean of duplicate determinations
with an individual's monocyte preparation. The shaded area
indicates the highest binding of IgG2 proteins below which
binding is considered insignificant.

cytes at 40C are shown in Fig. 1. The highest amount
of cell-bound IgG2 protein was arbitrarily selected as
the baseline below which binding was considered in-
significant because (a) consistently low levels of IgG2
proteins were bound, (b) there was little variation in
amount bound, and (c) IgG2 proteins were tested with
all isolated cell preparations. According to this baseline,
lymphocytes bound significant amounts of unaggregated
IgG1 and IgG3 proteins, but none of the proteins of
the other classes. There was a relatively large varia-
tion among individual myeloma proteins within sub-
classes and among cells from different donors. The
uptake varied from 10-210 pg for IgG1 and 17-33 pg
for IgG3 proteins. One IgE protein did show a slight
amount of binding (19 pg was the greatest amount
bound), but two other IgE proteins did not bind.
There were no binding differences between proteins
with either K or X type light chains. The HGGwhich
bound probably represented IgG1 and IgG3 protein
binding, for these proteins constitute approximately
80% of IgG's heterogenous population. It was not un-
expected, therefore, that HGGbinding was similar to
IgG1 and IgG3 binding. One of the IgG1 proteins
(Ma) had an exceptionally high binding capacity.

The binding of unaggregated Ig to monocytes is
shown in Fig. 2. As with lymphocytes the IgG1 and
IgG3 proteins bound best; however, monocytes bound
more IgG1 (20-430 pg) and IgG3 proteins (27-221
pg) than lymphocytes. A similar variation in the
amount of each myeloma protein bound was also ob-
served, and protein Ma also bound exceptionally well
to monocytes. In contrast to lymphocytes, IgG4 pro-
teins bound to monocytes, although to a lesser degree
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FIGURE 3 Binding of MI-labeled Ig to human neutrophils.
Each column represents uptake of either HGG, S-IgA, or
a myeloma protein identified by abbreviation of patient's
name and each point, the mean of duplicate determinations
with an individual's neutrophil preparation. The shaded
area indicates the highest binding of IgG2 proteins below
which binding is considered insignificant.
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TABLE I

Inhibition of 126I-Labeled Human IgG (HGG)
Binding to Human Neutrophils*

Inhibitor$ %Inhibition

IgG1
Ma§ 68
Pe 46
Fi 44

IgG2
Do 14
St 9

IgG3
Ni 53
Ca 48

IgG4
Fe 25
Br 27

HGG 51

* Inhibition determinations were done by incubating 5 X 106
neutrophils with inhibitor for 30 min at 4VC, adding 40 ng of
[l261]HGG, and then incubating the mixture for 30 min at

'C. The figures represent the mean of duplicate determina-
tions and the results are representative of a number of similar
experiments.
$44ug of inhibitor was used.
§ Proteins are identified by abbreviation of patient's name.

than IgG1 and IgG3 proteins. HGGbound to mono-
cytes in quantities similar to most IgG1 and IgG3
proteins.

As can be seen in Fig. 3, neutrophils bound not only
IgG1 and IgG3 proteins, but also IgA myeloma pro-
teins and S-IgA. However, except for one IgAl
protein, Pu, IgG1 and IgG3 proteins bound to a
greater extent than IgAl, IgA2, and S-IgA proteins.
IgG4 proteins bound slightly better than IgG2 proteins.
As with IgG1 and IgG3 proteins, the amount of each
IgA myeloma protein bound within the IgA class
differed. Protein Pu bound exceptionally well to neu-
trophils, but did not bind to lymphocytes or monocytes.
Binding of the nonimmunoglobulin proteins, BSA and
human serum albumin, indicated that nonspecific cyto-
philic binding was less than 10 pg/10' cells.

Effects of temperature, azide, and EDTA on binding
of anaggregated immunoglobulins. The cytophilic ac-
tivity assay was usually performed at 4°C, with a
homologous system of human cells and human myeloma
proteins being used to minimize phagocytosis or pino-
cytosis. When cytophilia was tested at 37°C, greater
amounts of Ig bound to all cell types. However, though
the amount of all IgG proteins bound to neutrophils
increased at 370C, only proteins which bound well at

4°C increased significantly. Binding of IgGl and IgG3
proteins at 370C increased 4-6-fold, whereas the
amount of IgG4 bound increased approximately three-
fold, and IgG2 binding did not significantly increase.
The binding of IgM, IgD, and IgE proteins also did
not significantly increase at 37°C. To determine if
phagocytosis was contributing to higher uptake at 370C,
sodium azide was added to the incubation medium. The
amount of Ig bound at 37°C was not significantly
altered by the presence of 0.1% azide. In addition, con-
centrations of sodium EDTA ranging from 0.7 to 20
mMalso had no influence on Ig binding to any type of
cells tested which indicated that Ig binding did not
require Ca:' and Mg' ions.

Autoradiographic studies. Autoradiographic studies
with lymphocytes, monocytes, and neutrophils were in-

TABLE I I
Inhibition of Binding of '5I-Labeled Myeloma

Proteins to Human Cells*

Cel type

Lymphocyte

Monocyte

Neutrophil

[l26I]Ig

Ma (IgCl)

Ni (IgG3)

Ma (IgG1)

Ni (IgG3)

Ca (IgG3)

Fe (IgG4)

Ma (IgGI)

Ni (IgG3)

Ca (IgG3)

Pu (IgAl)

Inhibitor*

Ma§
Ni
Ma
Ni

Ma
Ca
Ma
Ni
Ma
Ca
Ma
Ca

Ma
Ca
Pu
Wu
Ma
Ni
Pu
Wu
Ma
Ca
Ma
Ni
Pu
Wu

Inhibition

95
80
81
83

89
85
92
90
86
81
75
80

76
52
18
13
82
79
17
12
71
80
43
16
79
42

* Inhibition determinations were done by incubating 5 X 106
cells with inhibitor for 30 min at 4°C, adding 40 ng of [E26I]Ig,
and then incubating the mixture 30 min at 4°C. The figures
represent the mean of duplicate determinations and the results
are representative of a number of similar experiments.
t 4 Rg of inhibitor was used.
§ Proteins are identified by abbreviation of patient's name.
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the IgA as well as IgG class, and cross-inhibition with
proteins of these two classes was studied. As shown in
Table II, IgG1 protein Ma partially inhibited the
binding of IgAl protein Pu. Other IgG proteins which
bound to a lesser degree than Ma did not show cross-
inhibition and Pu did not inhibit IgG binding. Without
preincubation with inhibitors, the protein Ma (IgGl)
did not inhibit the binding of protein Pu (IgAl)
though both proteins still blocked their own binding.
Fig. 4 shows the quantitative inhibition of Ma binding
to neutrophils by a myeloma protein of each IgG sub-
class and an IgA protein. The IgG4 protein inhibition
was equal to the IgG1 and IgG3 protein inhibition,

pg Inhibitor

FIGURE 4 Quantitative inhibition of IgG1 protein (Ma)
binding to human neutrophils. Inhibition study performed
by simultaneous addition of 40 ng ['1'I] Ma and various
quantities of IgAl (Pu), 0 O; IgG1 (Ma), * *;
IgG2 (Do), A---A; IgG3 (Ni), [1 - - * f; or IgG4
(Fe), *---*, to a suspension of 5 X 10' neutrophils f-l-
lowed by an incubation at 4° C for 30 min. Each point
represents the mean of duplicate determinations. Note the
more effective inhibition by the IgG4 protein as compared
to the IgG2 protein.

conclusive. Three to five grains were seen on each cell
and, occasionally, there were cells with ten or more
grains on them. A high nonspecific background was
present which probably was due to a dissociation of
cytophilic immunoglobulins from the cells as a results
of their low affinities; this high background made it
very difficult to interpret the findings.

Inhibition of immunoglobulin binding. Binding of
'I-labeled Ig was inhibited by prior addition of 100-
fold excess of unlabeled protein in order to characterize
cell receptor specificity for different Ig and to learn
more about the submolecular Ig site involved in the
binding. In addition, the inhibitory studies confirmed the
direct binding data (Table I). Proteins of the IgG sub-
classes inhibited HGGbinding to neutrophils in direct
correlation with their binding ability, IgG1 and IgG3
proteins inhibited as well as HGG, producing 42-68%
and 48-53% inhibition, respectively. IgG4 proteins
were less effective giving 25-27% inhibition; IgG2
proteins gave no significant inhibition. Since there was
a correlation between ability to bind and to inhibit,
only proteins exhibiting significant binding were usu-
ally used as inhibitors for further studies.

The specificity of lymphocyte, monocyte, and neutro-
phil receptors for the Ig that they could bind is demon-
strated in Table II. Interestingly, the cell receptors
did not express any subclass specificity for the IgG
proteins which could bind since the IgG proteins used
did not significantly differ in their inhibition of each
other. Neutrophils have the ability to bind proteins of

TABLE III
Inhibition of Binding of 125I-Labeled Myeloma Proteins to

Human Cells by Ig Fragments*

Cell type

Lymphocyte

Monocyte

Neutrophil

[125I]Ig

Ma (IgGI)

Ma (IgGi) Ma-Fc
Ma-Fab
Ma-F (ab') 2

Ca-Fc
Ca-Fab

Ca (IgG3) Ma-Fc
Ma-Fab
Ma-F (ab') 2

Ca-Fc

Ma (IgGi) Ma-Fc
Ma-Fab
Ma-F (ab') 2

Ca-Fc
Ca-Fab
Ca-F (ab') 2

Ca (IgG3) Ma-Fc
Ma-Fab
Ma-F (ab')2

Ca-Fc
Ca-Fab
Ca-F (ab') 2

* Inhibition determinations were done by incubating 5 X 106

cells with inhibitor for 30 min at 4VC, adding of 40 ng [u2SIJIg,
and then incubating the mixture for 30 min at 4VC. The
figures represent the mean of duplicate determinations and the
results are representative of a number of similar experiments.
t 4 ,ug of inhibitor was used.

§ Enzymatic fragments of proteins are identified by abbrevia-
tion of patient's name and type of fragment.
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TABLE IV
Percent Binding Activity of "'5I-Labeled Enzymatic

Fragments of Ig to Human Cells*

Cell type

Lymphocyte

Monocyte

Neutrophil

Protein

Ma (IgGi)
Fc
Fab
F (ab') 2

Ca (IgG3)
Fec
Fab
F (ab') 2
R&A

Ma (IgGl)
Fc
Fab
F (ab') 2

Ca (IgG3)
Fc
Fab
F (ab') 2
R&A

Ma (IgGl)
Fc
Fab
F (ab') 2

Ca (IgG3)
Fc
Fab
F (ab') 2
R&A

Activityt

100
45

7
26

100
71
30
36
24

100
77
22
13

100
72

9
7
9

100
53
21
20

100
42
14
16
19

hibition experiments indicated that there may be differ-
ences between Fab and F(ab')2 binding, direct binding
studies with 'I-labeled Ig fragments were performed.
The percent of cytophilic activity remaining in the
various fragments is shown in Table IV. Fc fragments
retained the most activity, but even these fragments had
23-58% less activity than the intact molecules. Fab
and F(ab')2 fragments usually had only low ability to
bind, and there was no significant difference between
their binding capabilities. When calculated on a pico-
gram per 10' cell basis the binding of the different Fab
fragment preparations varied from 4 to 15 pg/106 cells.
This is probably insignificant since it is in the range
of the IgG2 proteins and of BSA. IgG proteins lost
approximately 90% of their original cytophilic activity
when mildly reduced and alkylated.

The study of mildly reduced and alkylated Ig is of
interest because recent studies have indicated that there
is a receptor for monomeric IgM (8S subunits) on
guinea pig macrophages (18). In order to find out if
monomeric IgM can bind to human lymphocytes or
monocytes, direct binding studies were undertaken with
"I-labeled normal or reduced and alkylated Ig (Table
V). Reduction and alkylation of IgM did not affect its
ability to bind to lymphocytes or monocytes, i.e., neither
the 8S nor 19S IgM could bind to these cells. Mild
reduction and alkylation of IgM, IgAl, and IgG3 pro-
tein did not enhance their ability to bind; in fact, as
reported above, this treatment caused a significant re-
duction in cytophilia with the IgG3 protein Ca and
some reduction with IgAl protein Kr.

Binding of aggregated imnwunoglobulins by lympho-
cytes and neutrophils. Since myeloma proteins with

* 40 ng of ["15I]Ig, native, mildly reduced and alkylated
(R&A), or enzymatic digests, were incubated with 5 X 106
cells for 30 min at 40C. The figures represent the mean of
duplicate determinations and the results are representative of
a number of similar experiments.
t Binding activity expressed as percent of the amount of native
molecule bound.

whereas the IgG2 protein inhibited weakly and the
IgA protein not at all.

The inhibitory activity of Fc, Fab, and F(ab')2 frag-
ments was examined to determine the location of the
binding site in the IgG molecule (Table III). On the
whole, the results were the same for all cell types. Fc
fragments were inhibitory, but not to the same extent
as the intact molecules. F(ab')2 fragments exhibited a.
small but greater degree of inhibition (20-34%) than
the Fab fragments (2-18%), which was considered
insignificant.

Binding of immunoglobulin fragments and mildly
reduced and alkylated immunoglobulins. Since the in-

TABLE V
Ability of Mildly Reduced and Alkylated Ig to Bind to Human

Lymphocytes and Monocytes

Cell type [125I]Ig Immunoglobulin

pg/J06 cells

Lymphocyte Og (UgM) 9
R&AOg 16

Monocyte Og (IgM) 12
R&AOg 5
Kr (IgA2) 39
R&AKr 14
Ca (IgG3) 160
R&ACa 26

* 40 ng of [E125]Ig, native or mildly reduced and alkylated
(R&A), were incubated with 5 X 106 cells for 30 min at 4VC.
The figures represent the mean of duplicate determinations
and the results are representative of a number of similar
experiments.
t Ig are identified by abbreviation of patient's name.
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FIGURE 5 Binding of Ig after aggregation with F (ab')2
fragments of rabbit anti-human light chain antibodies.
Various quantities of anti-Fab fragment antibodies were
added after a 30-min incubation of an l'I-labeled IgGi,
IgG2, or IgM protein with either a lymphocyte or neu-
trophil preparation in order to determine the optimal con-
centration of antibody for maximum binding. Each point
represents the mean of duplicate determinations.

no known antibody activities were used, aggregation
could not be achieved by addition of antigen. Instead,
cross-linking of Fab regions was achieved with rabbit
F(ab')2 fragments of anti-human Fab fragments. Rab-
bit F(ab')2 fragments were used so that they would

TABLE VI
Binding Ratio of Aggregated to Unaggregated [25I]Ig to Human

Lymphocytes and Neutrophils

Binding ratio:

Lympho- Neutro-
[l25I]Ig* cyte phil

Ma (IgGI) 2.9 4.6
Do (IgG2) 7.6 3.3
Ni (IgG3) 3.7 3.7
Fe (IgG4) 8.0 2.6
Vi (IgM) 2.0 1.3
Er (IgM) 1.8
Pu (IgAl) 1.1 2.2
Wu (IgA2) 2.2 1.7
Di (IgD) 1.6 1.3
He (IgE) 8.3 2.2
Sh (IgE) 5.2 2.4
Be (IgE) 4.6 1.7
Nd (IgE) 5.7 2.7
HGG - 3.6
S-IgA - 2.3

* Ig identified by abbreviation of patient's name. Ig was
aggregated or unaggregated as described in Methods. The
figures represent the mean of duplicate determinations and
the results are an average of four experiments.
t Binding ratio is equal to amount of aggregated [U2I]Ig
per 106 cells/amount of unaggregated [E2UIIg per 106 cells.

not compete with the myeloma proteins for cell re-
ceptors. To determine the optimal antibody-Ig ratio for
binding, the amount of antibody added to 40 ng of
['I]Ig was varied over a five log range (Fig. 5). The
amount of IgGl and IgG2 proteins bound by lympho-
cytes and neutrophils was greatest with 1 iFg of anti-
body; the amount of IgM bound was not significantly
affected by any antibody concentration. 1 jtg of anti-
body was found to give optimal binding with the
IgGl-K and IgG2-K proteins. Therefore, all proteins
with x chains were examined after addition of 1 tcg.
Proteins with X chains were optimally aggregated with
5 ,g of antibody. The increased binding due to aggre-
gation is shown in Table VI. Due to the large in-
crease in binding of IgG2 and IgG4 proteins and the
small increase of the IgGl and IgG3 protein binding,
after aggregation, proteins of all IgG subclasses bound
to lymphocytes to a more similar extent. In addition,
all four IgE myeloma proteins tested bound significantly
to lymphocytes after aggregation, whereas proteins of
the other classes did not. On neutrophils, myeloma pro-
teins of all IgG subclasses increased in binding after
aggregation. Relative amounts bound, however, re-
mained similar to those of the unaggregated proteins.
Proteins of the other classes did not show this specific
increase in binding.

DISCUSSION
Binding of myeloma proteins to lymphocytes, mono-
cytes, and neutrophils indicated that unaggregated
IgGl and IgG3 immunoglobulins (Ig) were cytophilic
to all three cell types, whereas IgG4 was cytophilic
only to monocytes and IgA only to neutrophils. Un-
aggregated IgG2, IgM, IgD, and IgE proteins did not
significantly bind to these cell types. In contrast to
the binding of unaggregated IgG proteins, aggregated
IgG proteins of all four subclasses bound significantly
to the cell types tested. These findings suggest that
although all IgG subclasses are cytophilic, only IgGl
and IgG3 proteins have an affinity for the cell receptors
sufficiently high to be detectable by binding assays for
unaggregated proteins. This could explain why in pre-
vious studies of inhibition of rosette formation by un-

aggregated Ig, cytophilia could only be indirectly
demonstrated with IgGl and IgG3 proteins (5, 6).
Lymphocytes bound aggregated IgE proteins as well as

the aggregated IgG proteins. Aggregated IgE proteins
did not bind to neutrophils. In addition, aggregated
IgM and IgD proteins did not bind significantly to

the cell types tested. Neutrophils were the only cell
type that bound IgA, a finding which is in agreement
with previous data on the release of lysosomal enzymes
from neutrophils by aggregated IgA (14) and pre-
liminary findings on binding of IgA to neutrophils
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(27). The receptors for IgG and IgA on neutrophils
appeared to be different since no significant cross-
inhibition was observed. In contrast, IgG of different
subclasses bound to the same receptor as indicated by
the extensive cross-inhibition. Fc fragments retained
most of the cytophilic activity, though less than the
intact molecules, the F(ab') 2 fragment which contains
the amino-terminal portion of the Fc fragment retained
some activity whereas the Fab fragment neither bound
to the cells nor inhibited the binding of Ig significantly.
Reduction and alkylation of the interchain disulfide
bonds greatly abolished the binding, indicating that
the native conformation of the Ig molecule is important
for the cytophilic activity.

The amounts of unaggregated Ig bound to lympho-
cytes, monocytes, and neutrophils were expressed in
picograms per 10' cells; however, the numbers most
likely do not represent the absolute amount of Ig that
can be bound on these cells, and, therefore, only indi-
cate the relative cytophilic capabilities of Ig classes and
subclasses. The maximum quantity of Ig that could be
bound to the cells was difficult to determine because
various amounts of cytophilic Ig probably remained
bound to the cells after isolation and were not replaced
by the ["I]Ig added. In addition, the binding affinities
of cytophilic Ig are probably low and washing after
incubation undoubtedly removed some ['I] Ig. More-
over, because myeloma proteins within a subclass dif-
fered in their degree of binding, the binding of one
protein does not necessarily represent the average bind-
ing of the corresponding normal Ig class or subclass.
This variation has been reported for most biological
systems in which myeloma proteins were used as an
Ig source, and it is presently not fully understood (3,
14). The tertiary structures of intact Ig molecules may
influence the binding sites by a modulation of the Fc
fragments as a result of the variability of the Fab
fragments. An alternate or additional mechanism for
this binding variance could be due to a differential ability
of the myeloma proteins to spontaneously aggregate,
because it has been shown that aggregated Ig bound
better than unaggregated Ig and presence of small
amounts of aggregates could not be excluded even after
ultracentrifugation of the labeled proteins.

Binding of aggregated Ig differed markedly from
that of unaggregated Ig in that generally greater
amounts of aggregated Ig were bound and cytophilia
of IgG2, IgG4, and IgE proteins could only be demon-
strated by this technique. The ability of IgG2 and IgG4
proteins to bind is in agreement with previous reports
demonstrating that aggregated proteins of all four IgG
subclasses release granule constituents from neutro-
phils (14), and aggregated HGG, IgGl, and IgG2 pro-
teins bound equally well to lymphocytes (9). The in-

creased binding of aggregates is probably due to their
ability to bind to multiple receptors on the cells re-
sulting in a higher affinity.

IgG subclasses apparently share the same receptor
on all cell types tested, as evidence by the equal abilities
of IgG1, IgG3, and, in the case of monocytes, IgG4
proteins to inhibit each other's binding. The specificity
of lymphocyte receptors for IgG and IgE proteins could
not be tested because unaggregated IgE proteins did
not bind and inhibition studies with aggregated proteins
were technically not possible. The neutrophil receptors
for the two classes of Ig (IgG and IgA) are probably
different because there was only weak, if any, cross-
inhibition with most proteins analyzed. There may,
however, be some structural similarities since one IgG1
protein (Ma), which had a particularly high affinity
to cells, partially inhibited IgA binding. It could be,
therefore, that some Ig have affinities for both receptors
because the binding site on the Ig molecule appears to
differ slightly from molecule to molecule as evidenced
by the intrasubclass variation mentioned above.

It has been reported that 8S subunits but not intact
IgM are cytophilic to guinea pig macrophages (18)
and that chicken IgM is cytophilic for chicken T lym-
phocytes (11). In our study, human IgM macroglobu-
lins did not bind to lymphocytes and monocytes either
as intact proteins or as reduced and alkylated proteins.
The reason for this difference might be a species differ-
ence, or may be because monocytes and not macro-
phages were used. Lay and Nussenzweig (28) re-
ported that IgM can bind to mouse macrophages but
not to monocytes.

The biologic role of cytophilic antibody to mono-
cytes and neutrophils is probably promotion of phago-
cytosis, but their role on lymphocytes is less clear. IgG
bound to lymphocytes probably plays a role in the
lymphocyte cytotoxicity described by Perlmann and
Holm (29), and it has been postulated that cytophilic
Ig is involved in delayed hypersensitivity (11, 13).
IgE has previously been reported to bind to T lympho-
cytes and inhibit the sheep red blood cell rosetting
(30), the biological significance of IgE binding to
lymphocytes, however, remains to be shown. Lympho-
cytes can be divided into T and bone marrow-derived
(B) cells and possibly a third type referred to as
"null" or A cells (31). The autoradiographic proce-
dure employed in this study failed to show binding
to a subpopulation of lymphocytes. Preliminary ex-
periments of binding of IgG to nylon fiber purified T
cell population and B lymphocytes obtained from a pa-
tient with chronic lymphatic leukemia suggest that both
cell types have a receptor for IgG, which is in agree-
ment with recent reports on binding of IgG to human
lymphocytes (9, 32) as well as murine T cells (33). How-
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ever, more extensive and particularly quantitative
studies have to be performed in order to clarify this
point.
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