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Abstract:
Antibodies to different cell surface antigens expressed on mouse spleen cells were tested for their
ability to inhibit antibody-dependent cell-mediated cytotoxicity (ADCC) of antibody-coated sheep red
blood cells (Ab-SRBC) in the absence of complement. Of the antibodies tested only those to Ly-5 or
H-2 antigens significantly inhibited ADCC. Inhibition by Ly-5.1 antiserum was shown to be allele
specific by experiments using c57BL/6-Ly-5.1 and C57BL/6-Ly-5.2 mice congenic for the Ly-5 locus.
Inhibition by Ly-5 antiserum appeared not to be due to competition for the Fe receptor (FcR), since in
mixing experiments third-party thymus cells treated with Ly-5 antiserum did not inhibit the cytotoxic
activity of untreated cells. In comparing inhibition induced by antisera to H-2d, H-2k, and Ly-5
antigens, Ly-5.1 antiserum was more inhibitory at nearly every dilution tested. In addition, F(ab')2 and
Fab fragments of Protein A-purified Ly-5.1 antibody were inhibitory to BALB/c spleen effector cells in
ADCC of Ab-SRBC whereas fragments of H-2 antibodies had no effect. Since ADCC of tumor cells
and erythrocytes may share a common lytic mechanism, several antisera to cell surface antigens found
on spleen cells were tested for inhibition of ADCC to antibody-coated P815 tumor cells (Ab-P815). As
seen in ADCC to Ab-SRBC, anti-Ly-5.1 was a more potent inhibitor than antibody against either H-2k
or H-2d antigens. These results suggest that the Ly-5 molecule is important in cell-mediated killing
processes.
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ABSTRACT
Antibodies to different cell surface antigens expressed
on mouse spleen cells were tested for their ability to
inhibit antibody-dependent cell-mediated cytotoxicity (ADCC)
of antibody-coated sheep red blood cells (Ab-SRBC) in the
absence of complement. Of the antibodies tested only those
to Ly-Sor H-2 antigens significantly inhibited ADCC.
Inhibition by Ly-5.1 antiserum was shown to be allele
specific by experiments using C57BL/6-Ly-5.1 and
C57BL/6-Ly-5.2 mice congenic for the Ly-S locus. Inhibition
by Ly-S antiserum appeared not to be due to competition for
the Fe receptor (FcR), since in mixing experiments thirdparty thymus cells treated with Ly-S antiserum did not
inhibit the cytotoxic activity .of untreated cells. In
comparing inhibition induced by antisera to H-2 , H-2k, and
Ly-S antigens, Ly-5.1 antiserum was more inhibitory at
nearly every dilution tested.
In addition, F(ab')2 and Fab
fragments of Protein A-purified Ly-5.1 antibody were
inhibitory to BALB/c spleen effector cells in ADCC of
Ab-SRBC whereas fragments of H-2 antibodies had no effect.
Since ADCC of tumor cells and erythrocytes may share a
common lytic mechanism, several antisera to cell surface
antigens found on spleen cells were tested for inhibition of
ADCC to antibody-coated P815 tumor cells (Ab-PSIS). As seen
in ADCC to Ab-SRBC, anti-Ly-5.1 was a more potent inhibitor
than antibody against either H-2k or H-2" antigens. These
results suggest that the Ly-S molecule is important in
cell-mediated killing processes.

I

INTRODUCTION

Antibody-dependent cell-mediated, cytotoxicity (ADCC)
is an integral part of cell-mediated immunity.

It is a

process used by the body by which leukocytes combine with a
target in the presence of specific antibody to the target
and cause destruction of that target.

Foreign material such

as parasites, bacteria, virus-infected cells and tumor cells
are all suitable targets for ADCC. Antibody is formed by
plasma cells against anything in the body which is not ..
"recognized" as self.

These antibodies,

(termed

immunoglobulin or Ig) once attached to the target antigens,
will trigger various cells to combine with and destroy the
target.

Several different mechanisms for this are evident.

ADCC is one such mechanism in which cells bearing receptors
(FcR) for the Fe (tail) portion of antibodies will combine
with the antibody-coated target and cause lysis of that
target.

More than one target cell can be lysed by a single

effector cell and it does not require the activation of
complement (c').

Direct contact between effector cells and

target cells, is required for lysis to occur.

ADCC was

originally shown in the laboratory (in vitro) by Perlmann
et al. (I).

Although ADCC has been best studied in

vitro, and may quite possibly be merely an experimental
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phenomenon,, its importance in vivo has been implicated in a
number of conditions.

Some of these conditions include

patients with leukemia (2), kidney transplants (3,4,5,) and
various immunodeficiencies (6).

Koren (7) has published a

standardized method for measuring levels of human ADCC
activity.
There are many different cell types which have the
capacity to perform ADCC.

There is strong evidence that

certain lymphocytes, other cell types including monocytic or
macrophage-like cells, granulocytes and platelets all have
ADCC activity to particular targets under appropriate
conditions.

Most investigators agree that the lymphocytes

performing ADCC bear no distinguishing B or T-cell markers
(8) and these cells have therefore been termed "null" cells.
They are also referred to as K-(for killer) cells, not to be
confused with NK or natural killer cells.

Although ADCC was

originally described with lymphocytes, other cell types
including granulocytes, monocytes, macrophages, and even
platelets appear to have ADCC activity.

A common

denominator for all of these different cells is the use of
FcR to combine with antigen-antibody complexes.

Cells from

spleen, lymph node, peripheral blood and tonsils have the
capacity to perform

ADCC.

A great deal of time and effort

has been devoted to enrich for cells with ADCC activity.
Aside from removing B and T-cells using c' and antisera to B
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and T-cell surface antigens, no single method has been
described for the separation of K-cells from other lymphoid
cells.

Many methods have been tried to no avail, such as

size fractionation, density centrifugation, and adherence to
plastic or glass surfaces.

Even though ADCC activity to one

target cell may be enriched in one fraction, activity
against the same or other target cells is almost always
evident in another fraction (9,10).
It is important to distinguish between phagocytosis and
ADCC.

Phagocytosis involves engulfment of the antibody-

coated target cell followed up to 20 hr later by
intracellular lysis of the target cell.

Ethylenediaminetet-

raacetic acid (EDTA) and aminophylline are potent inhibitors
of phagocytosis.

Monocytes and macrophages are cells

primarily involved in this activity.

ADCC on the other

hand, does not involve engulfment and intracellular lysis of
a target but describes a binding event between the effector
cell and target cell resulting in rapid (1-4 hr)
extracellular lysis of the target cell.

Extracellular lysis

is not inhibited by EDTA and aminophylline.

Lymphocytes as

well as monocytes and macrophages have been implicated in
this type of cytotoxicity.

It is difficult to discriminate

between monocyte-mediated extracellular lysis and
lymphocyte-mediated extracellular lysis in most cytotoxicity
assays.

Both activities are probably being measured in
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standard ~^Cr release assays.

Attempts to remove monocytes

from spleen cell preparations usually result in some loss of
total ADCC activity.

Antibody-dependent macrophages have

been shown to be fairly efficient at lysing togavirusinfected cells in the mouse (11).

The same is true for the

lysis of herpes-simplex virus-infected cells in humans (12).
Although it is probable that some phagocytic cells have the
capacity to lyse target cells extracellularly, there appear
to be some very clear differences between phagocyte and
lymphocyte-mediated lysis.

One difference is that monocyte-

mediated cytolysis is inhibited by both aggregated and
monomeric IgG in solution and lymphocyte-mediated cytolysis
is only inhibited by aggregated IgG (13).

This may,

however, only reflect a difference in FcR affinity for Ig or
a qualitative difference between types of FcR on lymphocytes
and monocytes (14).
Some investigators feel that ADCC to erythroid target
cells is mediated only by adherent phagocytic cells whereas
ADCC to tumor cells is mediated by non-adherent, lymphocytic
cells (15,16).

Greenberg et al. (17) show that both

phagocytic and non-phagocytic cells can lyse antibody-coated
chicken red blood cells (Ab-CRBC) whereas only
non-phagocytic cells are active against alloantibody-coated
SL-2 lymphoma cells.

Non-phagocytic cells have also been

shown to lyse certain virus-infected mouse cells (11).

In
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human peripheral blood there are two mononuclear cell
populations responsible for ADCC to virus-infected target
cells.■ One is an adherent cell, primarily phagocytic, and
looks like a monocyte or a macrophage.

These cells cause

lysis of virus-infected cells only after 8 hr of
incubation.

The other cell type is nonadherent, looks like

a small to medium-sized lymphocyte and produces target cell
damage within 2 hr of incubation (12).

Purified

preparations of human polymorphonuclear leukocytes (PMN)
have been shown to lyse tumor cells in an antibodydependent, non-phagocytic manner (18).

Aside from

lymphocytes and phagocytic cells, human and rat platelets
also have the ability to lyse antibody-coated erythrocytes
and have been implicated in ADCC of Schistosoma mansoni
larvae.

This activity requires FcR on the platelet surfaces

and IgE antibody (19,20).
At least two other cell-mediated killing processes
operate by extracellular lysis; cytotoxic T-Iymphocyte (CTL)
killing and NK cell lysis.

Cell-mediated cytolysis (CMC) of

allogeneic or virally-infected syngeneic target cells by
sensitized thymus-derived cytotoxic T-Iymphocytes (CTL) has
been well studied (see review, ref. 21).

This type of

cytolysis is restricted by molecules encoded in the major
histocompatibility complex (H-2) on the effector cells and
requires that the target cell bear foreign (non-self) H-2
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antigens or viral antigens which are seen in the context of
self H-2.

Antibody and C ' are not required.

for CMC by CTL have been characterized:

Three steps

(i) recognition of

target and Mg++-dependent conjugate formation with the
target cell, (ii) Ca++-dependent "programming" for lysis,
and (iii) Ca++-independent killer cell-independent lysis
(22).

Although the cells that mediate this function are

T-cells and therefore clearly separable from K-cells, the
mechanism of lysis may be similar.
NK cells or natural killer cells are spontaneous
killer cells which are not H-2 restricted, can kill a ■
variety of tumor and virally-infected targets, and require
no presensitization, antibody, or c ' to perform cellular
lysis.

They are thought to be involved in immune

surveillance and tumor destruction in vivo (23).

These

cells resemble K-cells in that they are non-adherent,
non-phagocytic, bearing no common T or B-cell markers (with
the possible exception of Thy-I) and requiring direct
contact with the'target for extracellular lysis to occur.
Their tissue distribution, size, and morphological
characteristics are also the same as K-cells (see review,
ref. 24).

Peak levels of cytolytic activity are evident

during the same 4 to 9 week old age span in mice.

NK and K

cells have comparable sensitivities to X-irradiation,
metabolic inhibitors, prostaglandins, interferons, and
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temperature variations.

I

Evidence is strong that these two

activities may in fact be mediated by an overlapping
population of effector cells (24,25).

At the single-cell

level, a human lymphocyte is capable of binding to and
lysing both NK and ADCC targets (26).

Ojo and Wigzell (27)

provide evidence: a) that NK cells are equivalent to K-cells
and are the only mouse cells that can kill antibody-coated
tumor target cells, and b) that these cells are distinct
from those cells mediating ADCC to antibody-coated erythroid
target cells. Morphologically both NK and K cells have
characteristics of large granular lymphocytes.

This is

evident in the rat, mouse, and human systems (28,29).

It

has not yet been possible to enrich for one activity without
enriching for the other.
The issue over the origin of NK/K cells has been
further confused by evidence suggesting certain similarities
between CTL and NK cells.

The mechanism of natural

cell-mediated cytolysis (NCM-C) performed by NK cells can be
broken down into three discrete steps similar to those in
CMC by CTL (30).

Recently, several investigators observed

that allospecific T-cell clones acquired the ability to lyse
NK-sensitive target cells after prolonged culture conditions
in the presence of T-cell growth factors (31,32).

Also,

many cloned NK cell lines and fresh NK cells express mRNA
which encodes one of the chains of the T-cell antigen
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receptor (33).
NCMC has been studied at the genetic level as well as
at the cellular level.

Inbred strains of mice differ in the

levels of NCMC to various target cells (34).

Differences in

activity can be seen within a single strain of mouse against
sublines of the same tumor cell.

This diversity in activity

probably reflects differences in genes that regulate the
recognition of distinct target cell antigens.
yet been studied in depth at the genetic level.

ADCC has not
A few

studies do however show that levels of ADCC and NCMC are
similar in the more common strains of laboratory mice (see ■
review, ref. 35).
The cationic requirements for various types of
cell-mediated killing processes appear to be very different
in-the human and mouse systems (36).

CTL and NK cells

require both Ca++ and Mg++ for lysis of allogeneic target
cells.

Lysis of antibody-coated sheep red blood cells

(Ab-SRBC) by unsensitized human blood cells or mouse cells
does not require Mg"1"1" or Ca"1""1" but is enhanced by Mg"*"1". Lysis
of antibody-coated Chang human liver tumor cells by
unsensitized human blood cells is Ca++-dependent and
Mg++-independent, yet spontaneous lysis of uncoated Chang
tumour cells 4s largely dependent on both cations.

Human

NK, ADCC7 and CTL effector cells all appear to assemble
pores on target cell membranes (37,38).

These pores
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increase membrane permeability and promote target cell
lysis.

These studies suggest that a final lytic step may

be shared by NK,. ADCC,

and CTL lytic pathways.

Molecules on the surface of effector cells are the
units by which effector cells recognize and combine with
target cells.

These molecules may also be involved in

delivery of the lethal hit and subsequent lysis of the
target cell.

By studying these cell surface molecules it

is possible to gain an insight into their function and
evolutionary significance to the immune system.

Cell

surface antigens coded for by the major histocompatibility
complex (MHC) in the mouse, known as H-2 antigens, are
extensively involved in cell-cell interactions (for review,
see ref. 39). The H-2K, H-2D, and H-2L regions of the MHC
code for class I antigens which are found on nearly every
cell in the body and are important in transplantation
immunity.

Differences in these genes dictate whether one

mouse strain will accept a tissue graft from another strain
of mouse.

The Qa-2,3 and Tla regions of the MHC code for

class I antigens involved in hematopoietic cell
differentiation.

H-2K and H-2D are serologically

detectable antigens and have a molecular weight of 45,000.
These molecules are directly involved in CTL restriction.
The I region of the mouse MHC codes for class II Ia
(immune-associated) antigens which are found on some
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T cells, macrophages, and B-cells and are involved in the
regulation of T-cells.

The la antigens are more restricted

as far as their tissue distribution and consist of dimers
having sizes of 28,000 and 30,000 daltons.

Similar major

cell surface antigens are coded for by the HLA complex in
the human major histocompatibility system (MHS).

Many other

cell surface antigens coded for by genes located outside of
the mouse MHC have been described.

The Thy-I antigen is a

glycoprotein originally found on mouse1thymocytes (40);

Its

distribution includes cells from brain tissue, epidermal
cells,

and fibroblasts (41).

Although the Thy-I molecule is

expressed as one of two allelic forms (Thy-1.1, Thy-I.2) on
T-cells from every strain of mouse tested,
role has yet been ascribed to it.

no significant

The Lyt antigens are also

found on mouse T lymphocytes and are thought to be involved
in T-cell differentiation and function.

Lyt-1,

2, and 3

antigens as well as antigens coded for in the Tl and Qa
regions of the mouse MHC have a very specific distribution
on various subsets of T-cells performing distinct functions
in the immune system (42,43).

Lyt-l+2,3~ lymphocytes'are

characterized as T-helper cells and are involved in T-cell
regulation and B-cell help.

Lyt-I- ,23+ lymphocytes are

either T-suppressor cells or cytotoxic effector
T-Iymphocytes (CTL).
All mouse cells (except erythrocytes) derived from
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hemopoietic stem cells express the T200 molecule (44).
The T-cell form has been characterized as a molecule with
a molecular weight (Mr) = 170-200,000 and is referred to as
•T200.

The B-cell form is slightly larger, Mr = 210-220,000,

and is referred to as B220 (45,46,47).

A human homologue of

the mouse T200 glycoprotein has been chemically
characterized by peptide mapping (48) and a similar
glycoprotein with a size of 150,000 daltons has been
described for rat thymocytes (49).

Ly-5 is an alloantigen

that is found on the T200 molecule and has two allelic
forms, Ly-5.I and Ly-5.2.

It was originally described by

Komuro et aI. (50) in 1975 as a T-cell differentiation
antigen but has since been found on other cells as well.
During biochemical synthesis of the Ly-5 molecule different
molecular weight species are expressed by B-cells and Tcells (51).

There have been several monoclonal antibodies

reactive with determinants on T200 that react with either Tcells or B-cells, but not both, implicating a difference in
structure of T200 molecules on B-cells and T-cells
(45,52,53).

The B-cell form of T200 (B220) appears to

function in the regulation of antigen-driven B-cell
differentiation (54).
Biochemically, T200, as studied in a murine lymphoma
cell line, appears to be a phosphorylated transmembrane
glycoprotein (55).

There is a protease-resistant domain
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that is exposed on the exterior cell surface and contains
most of the mannose oligosaccharide units.

This fragment

has a size of 100,000 daltons by sodium-dodecyl-sulfatepolacrylamide gel electrophoresis (SDS-PAGE).

The other

domain is located on the cytoplasmic side of the cell
membrane and is sensitive to digestion with trypsin.

H-2

and Ia antigens have also been shown to be transmembrane
proteins.

Biochemical analysis of mouse high molecular

weight surface glycoproteins by Ewald and Refling (56) has
demonstrated certain proteolytic-activities associated with
the Ly-5 molecule.
Fe receptors are cell surface entities that serve
many important functions in the immune system.

The term FcR

was coined more to describe a binding event than an actual
molecule on the surface of cells.

It has been postulated

that the FcR may be comprised of many different cell
components rather than a single molecule (57).

The fact

that artificial phospholipid membranes (liposomes) can bind
hydrophobically to the Fe region of immunoglobulin (58)
demonstrates that nearly any cell may have the capacity to
non-specifically bind Fe.

Different cells bind Ig Fe with

varying degrees of avidity and whether or not it is possible
to detect this binding event in an assay system determines
if a cell can be classified as having an Fc r .

Two FcR for

IgG on mouse peritoneal macrophages have been characterized.
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FcRI binds IgG2a and FcRII binds IgG^ and IgC^^'
Several FcR have also been characterized on human blood
monocytes (for review, see ref. 59). FcR are found on a
wide variety of cells including monocytes and macrophages
(60), B-cells, K-cells, and even activated T-cells.

The

affinity of various FcR for different classes and subclasses
of Ig varies from cell to cell.

FcR bind different

sub-classes of IgG with varying degrees of avidity (61).
Although IgM antibodies can induce ADCC in the absence of
IgG antibodies, their efficiency-on a molar basis is much
less (62). FcR specific for IgG on phagocytic cells are
involved in the stimulation of phagocytes and the ingestion
of microorganisms.

The interaction of IgG complexes with

FcR on platelets leads to aggregation and vasoactive amine
release.

FcR for IgE, expressed on basophils and mast

cells, are thought to be involved in degranulation during
allergic reaction to allergins (63,64,65).

Although mainly

IgG- and IgM-specific FcR are involved in ADCC, IgE induces
platelets to perform ADCC.

FcR, like other membrane

molecules, are subject to capping by polyvalent antibodies
under permissive conditions (37°C, no azide).

it is

possible then that during a cytolytic event such as ADCC,
FcR may function passively to concentrate the antibodycoated target cells to a region on the effector cell where
lysis can occur.

In contrast to a passive function, FcR may
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actively trigger a cytolytic event upon binding to immune
complexes.
One of the best ways to study the function of
molecules on the surface of cells is to treat those cells
with antibody specific for a molecule of interest and study
what effect it has on normal cellular functions.
antibody (in the absence of

c')

If the

blocks a specific function

of a cell then that molecule is probably involved in that
function.

Several molecules on the surface of CTL have

been studied this Way.

Antisera to the Lyt-2, Lyt-3, LFA-I

(lymphocyte function-associated antigen-1) (66), and Ly-5.
(67,68) antigens block CMC by CTL bearing those antigens.
These molecules have therefore been postulated to be
involved in cytolysis by CTL.

An antiserum, called RAT*, '

produced in rats against alloimmune mouse CTL has also been
shown to block CTL functions (69).

RHI, an antiserum

raised in rats immunized with human activated alloimmune
lymphocytes, analogous to RAT*, was found to block not only
CTL but also NK and K-cell cytolysis in the absence of c'
(70).

Harp and Ewald (71) demonstrated in 1983 that mono

clonal antibody to the T200 molecule could modulate the
generation of CTL in culture in the absence of

c / Nakayama

et al. (68) and Harp et al. (67) demonstrated that the
killing phase of CTL was suppressed by treatment of effector
cells with Ly-5 alloantisera.

Harp et al. (67) also showed
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that treatment with Ly-5 alloantisera suppressed the
generation of CTL and the activation of splenocytes by
mitogens. They showed that this effect was allospecific in
that only mice whose splenocytes were positive for the Ly5.1 antigen were inhibited by anti-Ly-5.1.

Furthermore

generation and effector phases of CTL killing by spleen
cells from F1 heterozygotes bearing both the Ly-5.I and Ly5.2 alleles were inhibited only by a combination of Ly-5.1
and Ly-5.2 antisera (67).

Recently, Le Francois and Bevan

(72) have produced a monoclonal antibody to a determinant
shown to be on the T200 molecule and this monoclonal
antibody selectively reacts with CTL and inhibits their
killing activity.
Antisera against T200, Ly-5, and NK-1.1 (an antigen
reported only on NK cells), and a monoclonal antibody
directed against FcR (73,74) have been shown to block NK
cell lysis of various target cells.

Seaman et al. (73) have

shown that a monoclonal anti-T200 antibody inhibits murine
NK cell activity.

The observation that anti-Ly-5 blocks NK

cell cytolysis was first reported by Kasai et al. (75).
Pollack et al. (76) in 1980 found that ADCC to antibodycoated SL-2 T-Iymphoma target cells was inhibited by Ly-5
antisera in the absence of
reduced ADCC activity.

c'.

Antisera to NK-I also

Antisera directed against other cell

surface antigens such as Lyt I, 2, 3 and Thy-I had no effect
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on ADCC in the absence or presence of c'.

NK cytolysis of

YAC-I lymphoma target cells was similarly inhibited by NK-I
and Ly-5 antisera.

Unfortunately, F(ab')2 fragments of the

inhibitory antibodies were not made and tested for
inhibition of ADCC.

The FcR on K-cells are uniquely

sensitive to blockade by Fe regions of any antibody either
complexed with antigen, aggregated or in monomeric form, and
in particular when antibody is bound to the effector cell
(77).

Without using fragments of antibody devoid of Fe it

is impossible to know if the inhibitory effects were due to
a specific blocking of an effector molecule on the killer
cell by the Fab portion of the antibody or s imply due to
non-specific blocking of FcR.
Antisera to other antigens on K-cells have been
studied only minimally for blocking of ADCC.

Since Ia

antigens have been shown to be non-covalently associated
with FcR on B-cells (78), Schirrmacher et al. (79) tested to
see if FcR on K-cells were also associated with Ia antigens.
They found that K-cell FcR were not blocked by F(ab')2
fragments of anti-la sera. Halloran et al. (80) conducted
inhibition studies on FcR positive cells that rosette with
erythrocyte-antibody (BA) complexes.

These cells include

other cell types in addition to K-cells. They found that
whereas the formation of EA rosettes by FcR bearing cells
was blocked by both undigested and F(ab')2 fragments of
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anti-H-2K and anti-H-2D antibodies, ADCC of Ab-SRBC was
inhibited only by undigested anti-H-2 antibodies.
My studies support HalloranzS findings in that F(abz)2
fragments of antibodies to MHC' antigens had no effect on
ADCC to antibody-coated sheep red blood cells (Ab-SRBC).

I

report that intact antibody and F(abz)2 and Fab fragments
of antibody to the Ly-5 antigen did inhibit ADCC to Ab-SRBC
in a specific manner.
ADCC of tumor targets.

Anti-Ly-5.1 also appeared to block
My data suggest that the Ly-5

molecule on spleen effector cells may be involved in the
lysis of antibody-coated target cells.
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MATERIALS AND METHODS
Mice
BALE/c , SJL7 A.SW/■CBA and C57BL/6(B6) mice were bred
in this laboratory from mice originally obtained from
Jackson Laboratories (Bar Harbor, ME).

B6-Ly-5.2 mice

congenic with the B6(Ly-5.1) strain were obtained from Dr.
Edward A. Boyse (Memorial Sloan-Kettering Cancer Center,
N.Y., N .Y.).

Donors of spleen cells for ADCC tests were

4 to 9 weeks old.

Donors of tissues for immunization were

between I and 3 months of age and recipients were at least 8
weeks of age.
Media
Tumor cells lines were cultured in vitro in RPMI 1640
(Irvine Scientific, Santa Ana, CA) supplemented with 10%
heat-inactivated fetal calf serum (PCS) (Sterile Systems
Inc. Logan, UT), 2mM glutamine (Irvine Scientific), and
5 x IO-5M 2-mercaptoethanol (BIO-RAD Laboratories, Richmond,
CA); this medium is abbreviated RPMI-FCS.
conducted in RPMI-FCS.

ADCC assays were

Cells used for immunizations and the

indirect immunofluorescence assay were prepared in Hanks'
Balanced-Salt Solution (HBSS) (Irvine Scientific) or in
phosphate-buffered saline (PBS) pH 7.2.
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Antisera
All antisera used in these experiments were heatinactivated at 56°'C for 30 min to remove c ' activity and
centrifuged at 10,000 x g to remove aggregates before use
in ADCC assays.
(a)

.Anti-sheep red blood cells (Anti-SRBC) antiserum:

BALB/c mice were immunized with three weekly intravenous
(i.v.) injections of 0.1 ml of 10% (v/v) SRBC (Colorado
Serum Co., Denver, CO) in PBS.

Thereafter, the mice were

injected every 2 weeks with the same dose of antigen.
They were bled from the retroorbital sinus 7 and 10 days
a^ er eac^ immunization, starting after the third injection.
Sera from individual bleedings had hemagglutination titers
between 1280 and 2560 against SRBC.
(b) Anti-PSlS antiserum: CBA mice (H-2k) were given
weekly intraperitoneal (i.p.) injections of I x 10® P815
cells [DBA/2 mouse (H-2^) mastocytoma] in
10 weeks.

pbs

for 8 to

Mice were then boosted with 5 - 10 x 10® P815

cells every 2 weeks and bled 7 and, 10 days after each
immunization..

Serum was pooled and tested regularly for

activity by indirect immunofluorescence (HF) on P815 cells.
c) Lyt-1.1 and Lyt-1.2 antisera: These sera were
generously provided by Dr. Ian
Australia.

f.

C. McKenzie, Victoria,

They were produced by the method of Shen et al.

(81).
(d) Thy-1.2 antibody: Medium was harvested from
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hybridoma cells, 30-H12 (Salk Distribution Center, San
Diego, CA) grown in RPMI-FCS.

These cells produce a rat

monoclonal antibody to the Thy-1.2 antigen (82).
(e)

H-2 alloantisera: Anti-H-2Kk, E-b.d., and E-b.k

were obtained from the National Institutes of Health.

E-b.d

was raised in (BIO x 129J)F1 mice immunized with B10.D2
tissues.

This antiserum had a hemagglutination titer of

2560 and a cytotoxic titer of 1280 on B10.D2 cells'as
reported by literature accompanying NIH contract sera. It ■
recognized numerous specificities in the K, I, D(L), and TL
regions of the B10.D2 (H-2d) major histocompatibility
complex (MHC).

E-b.k was raised in (BIO x 129/j)F1 mice

immunized with BlO.K tissues.

This antisera had a

hemagglutination titer of 1280 and a cytotoxic titer of 5120
on BlO.K cells.

E-b.k recognized numerous specificities in

the K , I, D(L), and TL regions of the BlO.K (H-2k ) MHC.
Anti-H-2Kk antiserum was raised by immunizing (A.TL X 129)Fj_
mice with tissues from A.AL- mice [genotype: (KsIkDd x K^i^D^)
anti-KkIkDd ].

This antiserum had a titer of 256 on BlO.K

cells as determined by complement-mediated cytotoxicity and
recognized the H-2.11, 23,25 specificities in the K region
of the BlO.K MHC.
(f) Monoclonal antibodies: Monoclonal anti-H-2Kk was
obtained from

Becton Dickinson (Sunnyvale, CA). Monoclonal

anti-Ly-5.1 was obtained from New England Nuclear (Boston,
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MA). Both monoclonal antibodies were of the mouse igG^^
subclass.
(g)

Ly-5 antisera: Ly-5 antisera were raised in two

strain combinations.

Ly-5.I antiserum, raised in SJL

(Ly-5.2) mice immunized with cells from A.SW (Ly-5.1) mice
as described by Komuro et al. (50), was used in all of the
experiments except the specificity studies (Table 4 and
Figure 7).

At least I x IO^ cells were pooled from the

spleen, thymus, and lymph node of A.SW mice and injected
i.p. into SJL mice every 2 weeks for at least 8 weeks.
Serum from individual mice was collected from blood obtained
from the retroorbital sinus 7 and 10 days after immunization
and tested for activity on A.SW thymus cells by H F .

Serum

having high levels of activity on A.SW thymocytes and no
activity on SJL thymocytes was pooled and stored at -SO0C
for use in inhibition assays.
Ly-5.2 antiserum (used in Figure 7) raised by Rolf
Taffs at Montana State University, was made by immunizing
(BIO x A-SWjF1 mice with lymphoid cells from SJL mice in the
same manner described above.
The Ly-5.1 antiserum used in the specificity
experiments was raised in a strain combination using mice
congenic with B 6 for the Ly-5 locus and is described i n t h e
results.

In each case, normal mouse sera from nonimmunized
age-matched mice from the same strain were collected and
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pooled for use as a control for the antibodies and any other
factors normally found in mouse sera.

Indirect Immunofluorescence Assay
The binding efficiency of antibodies in our antisera
was tested on cells bearing the appropriate antigens using
an indirect immunofluorescence assay (HF) modified for our
purposes by Dr. S. Ewald at Montana State University from a
procedure described by Mishell and Shiigi (83). Briefly,
5 x IO5 cells in HBSS with 0.02%- NaN^ were placed in each
well of a 96-well flat-bottom microtiter plate (Falcon).
The plate was centrifuged at 200 x g for 5 min and excess
medium was aspirated and discarded.

The cells were then

resuspended in 50 ul of dilutions of antiserum made
in BBSS + 0.02% NaNg and incubated for 30 min at 4°C.

The

plate was centrifuged at 200 x g for 5 min and excess
antiserum was aspirated and discarded.

Each well containing

cells was washed carefully three times with 200 ul of HBSS +
0.02% NaNg without centrifuging between washes, cells were
then resuspended in 50 ul of fluorescein isothiocyanate
(FITC)-Iabeled rabbit anti-mouse immunoglobulin (Miles
Scientific, Naperville, IL) diluted 1:50 in HBSS + 0.02%
NaNg and incubated for 30 min at 4°C. The plate was then
centrifuged and washed three time's as before,

cells in each

well were finally resuspended in 100 ul of 1:1 gTycerol-HBSS
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and the cells were scored on a scale of 0-4 for positive
fluorescence.

An Olympus IMT inverted microscope equipped

with BH-RFL reflected high fluorescence attachments,
dichroic mirrors, and a FITC filter, was used to score for
fluorescence.

Control wells containing cells incubated with

FITC-Iabeled rabbit anti-mouse immunoglobulin alone were
also included.
To compare binding activities of various antisera on
cells to be used in ADCC, spleen cells from appropriate
strains of mice were used for HF.
Titers for antisera reported in Results were calculated
as the reciprocal of the dilution of antiserum giving
approximately one-half of the maximum amount of fluorescence
seen with the lowest dilution of antiserum.
Hemagglutination Assay
To determine the titer of the anti-SRBC antiserum

used

in ADCC assays, a hemagglutination assay as described by
Herbert (84) was used.

One-hundred microliters containing

doubling dilutions of anti-SRBC serum in PBS were added to
duplicate wells of a 96-well round-bottom microtiter plate
(Falcon).

Dilutions ranged from 1:10 to 1:20,480.

wells containing PBS alone were also included.

Control

One-hundred

microliters of a 1.0% packed cell suspension of washed SRBC
were added to each well and the plate incubated for 2 hr at
room temperature.

The titer of the antiserum was taken to
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be the reciprocal of the highest serum dilution giving an
unequivocally positive reaction.
Purification of IgG and Production of F(ab")2
One milliliter of conventional antiserum or normal SJL
mouse serum was applied to stoppered plastic Quik-Sep
minicolumns (Isolabs Inc., Akronz OH) containing a one
milliliter

bed volume of Protein A-Sepharose (Pharmacia,

Piscatawayz NJ) equilibrated in 100 mM PBS pH 8.0.

After 60

min incubation at room temperature, the minicolumns were
unstoppered and placed in 15 ml conical centrifuge tubes and
the entire column assembly was centrifuged for 2 min at
50 x g as described by Parkinson et al. (85). • Columns were
washed with PBS to remove unbound serum proteins.

Antibody

was eluted with sequential applications of 40 mM
glycyI-tyrosine in 100 mM PBS followed by PBS alone (86).
Eluates were pooled and then concentrated and desalted in
50k ultrafiltration membrane cones (Amicon, Danvers, MA).
The concentrated IgG was finally exchanged into 0.025 M
acetate, 0.14M Nacl buffer, and the pH adjusted to 4.5 with
dilute acetic acid; a portion (2 mg) was incubated with 10
ul of I mg/ml pepsin (Worthington Diagnostic, Freehold, NJ)
in PBS for 30 hr 37°C in a CO2 incubator (87). A separate
portion of each immunoglobulin preparation was incubated in
the same buffer without pepsin under identical conditions as
a control for the digestion procedure.

25

After incubation, both digested and undigested samples
were adjusted to a pH of 8.0 with 3N NaOH.

The digested

samples in a I ml volume were cleared of remaining intact
immunoglobulin and pFc' fragments by application to protein
A-Sepharose minicolumns; the unbound fraction was then
incubated for 30 min with 5 mg of Protein A-Sepharose beads
in a 1.5 ml conical tube.

Samples were centrifuged at

10,000 x g to remove protein A-Sepharose, and the
supernatant fraction was recovered.

Digested and undigested

samples were dialyzed extensively against PBS (10 mM pH 7.2)
and ultracentrifuged at 100,000 x g for I hr to remove
aggregates before their use in ADCC.

Molecular weights of

the fragments were determined by comparison to a known mouse
F(ab')2 standard (CappeI Labs, West Chester, PA) and other
molecular weight standards including mouse IgG, bovine serum
albumin, and phosphorylase B (Sigma Chemical Co., st. Louis,
MO) on 8.5% SDS-polyaerylamide gels (88) stained with silver
(BIO-RAD, Richmond, CA).

Protein concentrations were

assessed using a Gilford multimedia densitometer attached to
a Gilford system 2600 spectrophotometer.

The F(ab')2 frag

ments and intact IgG controls of each antiserum and NMS were
tested for inhibition of ADCC at equivalent protein concen
trations .
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ADCC to Antibody-Coated Sheep Red Blood Cells (Ab-SRBC)
Effector cells were adjusted to a concentration of 1-8
x IO7 cells/ml in RPMI-FCS.

Doubling dilutions of effectors

were made in tubes and then aliquoted, 100 ul/test well,
into Linbro 96-well conical bottom plates.
Sheep red blood cells (I x IO^) were washed three times
in RPMI-FCS and resuspended in 0.5 ml FCS. Two hundred fifty
microcuries Na251CrO4 (200-500 Ci/g, New England Nuclear,
Boston, MA) were added and the cell suspension incubated at
37°C for I hr.

The red cells were washed twice by

centrifugation over a cushion of FCS and finally resuspended
to a concentration of 1-5 x IO6 cells/ml in RPMI-FCS.
Anti-SRBC antiserum or BALB/c normal mouse serum (as a
negative control) was added to the labeled SRBC suspension
to a concentration of 1:100.

One hundred microliter

aliquots of ^1Cr-Iabeled SRBC at a concentration of
1-5 x IO5 cells/ml and containing 1:100 anti-SRBC or BALB/c
NMS were added to each well containing effectors, so that
the total volume of the incubation mixture was 200 ul and
the final concentration of anti-SRBC (or NMS) was 1:200.

In

addition, control wells containing only 100 ul
^1Cr-Iabeled SRBC plus serum plus 100 ul medium were set up
to test for spontaneous 51Cr-release in the absence of
effectors.

Wells with 100 ul ^1Cr-Iabeled SRBC plus 100 ul

medium received detergent (Zap-O-Globin, Coulter
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Diagnostics, Hialeah, FL) to determine maximum release.

All

tests were performed in duplicate or triplicate.
The plates were centrifuged at 150 x g before
incubating at 37°C for I hr.

At the end of the incubation .

period, the plates were again centrifuged at 150 x g at 4°C
for 10 min.

One hundred microliters of medium were removed

from each well and placed in scintillation vials for
counting in a biogamma counter (Beckman Instruments, Palo
Alto, CA) for detection of ^ C r release.

Values for

duplicate and triplicate samples were averaged and the
percent specific 5-*-Cr release was calculated as:
experimental release - spontaneous release
__________________________________________

x 100%

maximum release - spontaneous release
ADCC to Antibody-Coated P815 Tumor Cells (Ab-P815)
CBA or BALB/c effector cells were adjusted to a
concentration of I x IO7 cells/ml in RPMI-FCS.

Doubling

dilutions of effectors were made in tubes and then
aliquoted, 100 ul/test well, into Linbro 96-well conical
bottom plates.
P815 mastocytoma cells of DBA/2 (H-2<a) origin were
labeled with 100 ul Na251CrO4 for 1.5 hrs at 37°C.

Labeled

P815 cells were washed twice by centrifugation over a
cushion of FCS and resuspended to a concentration of I x IO5
cells/ml in RPMI-FCS.'

Anti-P815 antiserum (anti-H-2^) or
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CBA’normal mouse serum (absorbed with P8.15 cells) was mixed
with the cell suspension at a 1:10 dilution and the
suspension was incubated for 15 min at 4°C.

To remove the

excess anti-H-2^, Ab-P815 were centrifuged to pellet and
resuspended in fresh RPMI-FCS to the same volume.

One

hundred microliter aliquots of labeled Ab-PSlS or NMStreated P815 cells (at a concentration of I x IO^ cells/ml)
were added to each well containing effectors.

In addition,

values for spontaneous release were determined from wells
containing heat-inactivated (45°C, 10 min) effector cells
added to targets.

To determine maximum ^Cr-release,

detergent was added to wells containing target cells.

All

tests were performed in triplicate.
The plates were centrifuged and counted and percent
specific cytotoxicity was calculated as in ADCC to Ab-SRBC.
Natural cytotoxicity was also measured by incubating
effector cells with ^Cr-Iabeled P815 cells in the absence
of P815 antiserum or NMS.

Unless otherwise stated, values

for natural cytotoxicity did not exceed 5% of the level of
killing seen in ADCC to Ab-P815.
In both.ADCC to Ab-SRBC and ADCC to Ab-P815■assays,
significant levels of specific cytotoxicity were seen within
short incubation times, I hr and 4 hr respectively, whereas
control wells containing NMS treated target cells usually
showed less than 5% ^Cr -rel ea se (data not shown).

These
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results indicate that killing requires the presence of
specific anti-target antibody.

Specific cytotoxicity was

evident at several effector to target cell (E:T) ratios.
■Inhibition of ADCC
Effector cells were either treated with antisera and
washed before testing against antibody-coated target celIs■
or the antisera were added to wells containing effector
cells for the duration of the assay.
Percent inhibition was calculated as:
specific cytotoxicity with test sera
(I - ________________________ \___________________ ) x 100%
specific cytotoxicity in presence of
normal mouse serum or medium alone
C '-mediated Microcytotoxicity Assay
In order to compare cytotoxic titers of antisera on
cells in the presence of complement, a two-step cytotoxicity
assay described by North (89) was used.

Antisera were

diluted two-fold into RPMI-FCS and 4 ul of each dilution
were placed into duplicate wells of a Cooke Microtiter
V-bottom plate.

Appropriate target cells were washed and

suspended at a concentration of 5 x IO5 cells/ml in
RPMI-FCS before adding 4 ul of cell suspension to each well
containing antiserum.

Antisera were incubated with the

cells for 10 min at room temperature.

Rabbit c ' (Pel Freeze

Biological) was diluted 1:10 in RPMI-FCS and 4 ul added to
each well.

Control wells containing cells alone, cells plus
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C

alone, and cells plus antiserum alone were also included.

Plates were incubated for 45 min at 3 7°C in the presence of
5% CO2-

Fluid was removed from wells by blotting the edge

of each well carefully with a cotton applicator stick.
Wells were stained with 0.1% nigrosin for 10 min at room
temperature.

Dead cells and total cells in each well were

counted using an inverted microscope,
wells

counts from duplicate

were averaged, and percent specific cytotoxicity was

calculated as:(% dead cells experimental - % dead cells control)
__________________________ _____________
x 100%
(100% - % dead cells control)
Titer was reported as the reciprocal of the dilution of
antisera giving 50% of the maximum cytotoxicity seen in the
presence of antibody plus c'.
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RESULTS
The Effect of Ly-5 Antiserum on ADCC to Ab-SRBC
Antisera to cell surface antigens expressed on mouse
spleen cells were tested for their ability to inhibit ADCC
to Ab-SRBC in the absence of complement.

Previous

experiments in our laboratory-*- had shown that Ly-5.1
antiserum inhibited ADCC to Ab-SRBC by spleen cells bearing
the Ly-5.I antigen.

Figure I illustrates the inhibitory

effect of anti-Ly-5.1 on ADCC by BALB/c (Ly-5.I+) spleen
cells when the Ly-5.I antiserum was included in the assay at
a final concentration of 1:20.

Normal mouse serum from SJL

mice (SJL NMS), used as a control for the antibodies
normally found in SJL serum, had no effect at the same
concentration.

Antiserum to the alternate allodeterminant,

Ly-5.2, which is not expressed by BALB/c spleen cells, also
had. no effect on ADCC activity.

When SJL (Ly-5.2^) spleen

effector cells were tested for ADCC to Ab-SRBC in the
presence of 1:20 anti-Ly-5.1, anti-Ly-5.2, or SJL NMS, only
anti-Ly-5.2 had a significant inhibitory effect (Figure 2).
Spleen cells from other strains of mice bearing the Ly-5.I
antigen such as CBA and C57BL/6 (B6) were also inhibited by
^Previous experiments supervised by Dr. Sandra Ewald
were done as undergraduate research projects by Robin M.
Small and Shannon Walden.
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Figure I. Inhibition of BALB/c spleen cells ADCC by antiLy-5.1. BALB/c spleen cells were incubated for I hr
with 31Cr-Iabeled Ab-SRBC at various E:T ratios
in the absence of antibody (# #), in the presence of
1:20 SJL NMS (£— ^ ), 1:20 anti-Ly-5.1 (# — e ), or 1:20
anti-Ly-5. 2
—A).
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Figure 2.. Inhibition of SJL spleen cell ADCC by anti-Ly5.2. SJL spleen cells were incubated for I hr with
~^Cr-labeled Ab-SRBC at various E:T ratios in the
absence of antibody (•— # ), in the presence of 1:20
SJL NMS (A- A )/ 1:20 anti-Ly-5.1 (* — * ), or 1:20
anti-Ly-5.2 ( £ — £)•
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Ly-5.1 antiserum.

Results from these experiments are

included in later sections.

To test for dose-dependent

inhibition of ADCC to Ab-SRBC, various dilutions of Ly-5.J
antiserum were mixed with BALB/c spleen effector cells
before incubation with Ab-SRBC for I hr.

The data in Figure

3 show that the inhibitory effect of Ly-5.1 antiserum
decreased upon increasing dilution.

SJL NMS had no effect

at any of the same dilutions tested (data not shown).
Inhibition by anti-Ly-5.I was visible even at very .low
effector .-target cell (E:T) ratios.

When BALB/c spleen cells

were treated for 10 min at 4cfc with dilutions of
anti-Ly-5.I, washed once, and tested for ADCC activity (data
not shown), dose dependent inhibition was similar to that of
Figure 3.

These results indicate that Ly-5.1 antiserum does

not have to be present in excess throughout the assay period
in order to cause inhibition.
In order to rule out the possibility of anti-Ly-5.1
being toxic to the spleen effector cells, BALB/c spleen
cells labeled with 51Cr were incubated with unlabeled
Ab-SRBC in the presence or absence of various concentrations
of anti-Ly-5.1. Spleen cells that were not labeled with
5
1
’
Cr were also tested for inhibition of ADCC by anti-Ly-5.1.
Table I shows that although spleen cells were inhibited in
ADCC to Ab-SRBC by all dilutions of anti-Ly-5.1 tested,
these same concentrations of antiserum did not cause
significant 51Cr-release from labeled spleen cells.
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MEDIUM

1:160

EFFECTOR .TARGET RATIO

Figure 3. Dose dependent inhibition of ADCC by anti-Ly-5.1.
BALB/c spleen cells were incubated for I hr with
Cr- *
labeled Ab-SRBC at various E:T ratios in the absence of
f n^ o 0dy .
* ^' or in the Presence of 1:20, 1:40, 1:80,
1:160 anti-Ly-5.1 (* — j| ).
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Table I.

Effect of anti-Ly-5.1 on 51Cr-Iabeled’effector
cells.
% Specific Cytotoxicity (+SE)

Treatment

51Cr-Iabeled '
Ab-SRBC + non-labeled
effectors

medium alone

51Cr-Iabeled
effectors +
non-labeled Ab-SRBC

37.79 (2,.76)

2,.20 (0. SI)

anti-Ly -5.1 I: 20

3.73 (0,.95)

I .22 (2. 32)

I: 40

7.29 (2..84)

0,.71 (2. 14)

I: 80

9.42 (2,.61)

3,.61 (4. 28)

I: 160

12.57 (I..50)

3 .06 (3. 99)

I: 20

29.74 (I..40)

I..73 (3. 25)

I: 40

32.48 (2. 02)

4 .,90 (3. 42)

I: 80

30.07 (2..81)

I.,88 (I. 30)

I: 160

30.10 (3. 43)

3. 31 (3. 09)

SJL NMS

The Effect of Antisera to Other Cell Surface Antigens
on ADCC to Ab-SRBC
To determine if Ly-5 antisera were unique in their
ability to inhibit ADCCz several conventional antisera and
monoclonal antibodies against cell surface determinants on
spleen cells were tested for inhibition. A table describing
the antibodies used in these studies and their tissue
distribution can be found in the Appendix.

Initially,

37
antisera to antigens found predominantly on T-cells (Lyt-1
and Thy-I) were tested for inhibition of ADCC.

It is known,

however, that the cell responsible for ADCC to Ab-SRBC is
probably not of the T-cell lineage.

For that reason

antisera directed against determinants found on other cells
in addition to T-cells (H-2Kk, E-b.k, and E-b.d) were tested
for inhibitory activity.

Because H-2 antigens are present

on all cells, and in particular high density on lymphoid and
myeloid cells, the cells mediating ADCC are almost certain
to express high quantities of cell surface H-2 antigens.
Antisera to H-2 antigens are therefore more appropriate
controls for Ly-5 antisera than are T-cell specific
antisera.
BALE/c (Thy-1.2+) spleen cells were incubated with
Ab-SRBC in the presence of hybridoma supernatant containing
monoclonal anti-Thy-1.2 (final concentration of 50%,
previously shown positive by H F on BALB/c spleen cells),
SJL NMS or 1:20 anti-Ly-5.1. ■ Anti-Thy-1.2 diminished
cytotoxicity only slightly compared to inhibition by antiLy-5.1 (Figure 4):

Antisera to the Lyt-1.1, Lyt-1.2, and

Ly- 5.1 antigens as well as SJL NMS were tested on BALB/c
(Lyt-1.2+, Ly-5.1+) spleen cells.

All antisera were

included in the assay at a final concentration of 1:20.
Figure 5 shows that only the Ly-5.1 antiserum reduced
cytotoxicity.

These results indicate that antisera to

T-cell antigens do not cause inhibition of ADCC to Ab-SRBC.
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EFFECTOR: TARGET RATIO
Figure 4. Comparison of the effects of anti-Thy-1.2 and anti-Ly-5 on ADCC.
BALB/c spleen cells were incubated in the absence of antibody (•— #),
in the presence of 1:20 anti-Ly-5.1 (S H E ), or 50% anti-Thy-1.2
hybridoma medium (jQ|—
), prior to incubation for I hr with 51Cr-Iabeled
Ab-SRBC.
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Figure 5.Comparison of the effects of anti-Lyt-1 and antiLy-5 o n -ADCC. BALB/c spleen cells were incubated in
medium alone (#--* ), in the presence of 1:20 anti-Ly-5.1
(* — I )» 1:20 anti-Lyt-1.2 (Ar-A.), or 1:20 anti-Lyt-1.1
(%-$), prior to incubation with 51Cr-Iabeled Ab-SRBC
for I hr.
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Since the Ly-5.1 antigen is distributed on nearly all
cells in the spleen, a variety of antibodies recognizing
specificities in the H-2 complex also found on most cells in
the spleen were chosen for further studies of inhibition of
ADCC.

The titer of each antiserum was

determined by IIF

using spleen cells positive for the appropriate antigens
before testing them for inhibition of ADCC.
Anti-H-2K^ was the first of these antibodies to be
tested for activity in ADCC.

Although anti-Ly-5.1 showed a

titer twice that of anti-HlK^ by H F , the titers were
identical by c'-mediated microcytotoxicity on CBA (H-2K^,
Ly-5.1+) spleen cells. ' When CBA spleen effector cells were
tested for ADCC activity to Ab-SRBC in the presence of
increasing dilutions of these antisera, both anti-Ly-5.1 and
anti-H-2K*< reduced cytotoxicity equally at every dilution
tested (Table 2).
Because monoclonal antibodies to H-2K*< and Ly-5.1
antigens were available, I compared the effect of these
antibodies on ADCC to the inhibitory effect shown by the
conventional antisera.

Although the two monoclonal

antibodies reduced ADCC by CBA spleen cells, inhibition was
only moderate compared to comparable doses of conventional
anti-Ly-5.1 (data not shown).
E-b.k and E-b.d are conventional H-2 antisera that
recognize numerous specificities in the H-2 complex of mice
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Tsble 2. Comparison of the effect of anti—Ly-5.1 and anti—
H-2Kk on CBA spleen cell mediated ADCC to
Ab-SRBC,
Dilution of
antibody

% cytotoxicity (+SE) in presence of

NMS

anti- Ly-5.1

anti-H-2Kk

1:20

47.73 (2.36)

21.83 (1.21)

15.09 (1.400

1:50

45.65 (2.46)

23.23 (1.76)

24.72 (3.58)

1:100

45.57 (3.00)

28.34 (1.86)

32.79 (1.11)

1:200

43.79 (3.80)

35.45 (0,95)

37.46 (0.62)

1:400

43.99 (0.52)

■37.53 (4.10)

38.92 (1.62)

bearing the H-2^ and H-2^ haplotypes respectively.

When

E-b.k serum was tested for titer on CBA (H-2k) and E-b.d
serum tested on BALB/c (H-2d) spleen cells, 80-90% of the
spleen cells were positive for fluorescence.

Anti-Ly-5.1

bound to 60% of BALB/c splenocytes and 100% of CBA spleen
cells.

When IIP titers of Ly-5.1, E-b.k and E-b.d sera

were compared, E-b.k was 16-fold stronger than anti-Ly-5.1
on CBA spleen cells and E-b.d was 8-fold stronger than
anti-Ly-5.1 on BALB/c spleen cells.

BALB/c spleen cells

were treated with various dilutions of E-b.d serum or
anti-Ly-5.1, washed once, and then- tested for ADCC activity
on Ab-SRBC.

Although both antisera inhibited ADCC, Table

3 illustrates that anti-Ly-5.1 was significantly more
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inhibitory than E-b.d serum at nearly all of the dilutions
tested.
Inhibition by E-b.d seemed to reach a minimum early
after the first dilution and stayed at this constant
relatively low level of inhibition upon further dilution.
Experiments testing the effect of E-b.k and anti-Ly-5.1 on
CBA (H-2k, Ly-5.1+) spleen cells in ADCC displayed a similar
pattern of inhibition (data not shown).

These results

suggest that antisera directed against cell surface
determinants found on spleen cells other than T-cells are
capable of inhibiting ADCC but not to the same extent as is
anti-Ly-5.1.
The inhibition seen with E-b.d antiserum reached a
steady plateau immediately after the first dilution.
Although in this experiment anti-Ly-5.1 inhibited ADCC to
varying degrees with increasing dilution, Figure 3 and other
similar experiments have shown inhibition by anti-Ly-5.1 to
be a titratable effect.

Experiments using other antisera to

cell surface determinants in the H-2 complex (H-2k) have
also shown a plateau of inhibition that only decreased upon
extensive dilution.

Two theories that could account for

this pattern of inhibition by H-2 sera are competition for
the FcR on effector cells and/or blocking of the FcR by
antibody bound to an antigen in close proximity to the FcR.
Experiments were undertaken to test these theories and are
presented in later sections of this thesis.
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Table 3.

Comparison of the effect of anti-Ly-5.1 and
E-b.d serum on ADCC to Ab-SRBC by BALB/c spleen
cells.

Treatment3

% Cytotoxicity (+SE)

% Inhibition*3

RPMI-FCS

17.33 (2.55)

NMS neat■

24.57 (1.90)

-41.78°

4.20 (4.92)

75.76

1:2,

5.62 (3.70)

67.57

1:4

2.35 (2.98)

86.44

1:8

-2.12 (1.32)

1:32

5.95 (2.65)

65.67

4.98 (6.67)

71.26

1:2

11.30 (5.28)

34.80

1:4

9.96 (2.51)

42.53

1:8

10.65 (2.94)

38.54

1:16

■12.02 (3.48)

30.64

1:32

11.89 (6.74)

31.39

anti-Ly-5.I neat

E-b.d neat

.•

'

112.23

Two million BALB/c spleen cells were incubated in the
presence of 20 ul of the indicated dilutions of antisera
or NMS before incubation for I hr with Ab-SRBC.
b

% Inhibition calculated as described in Materials and

• i Methods using RPMI-FCS as a control.
c

Negative numbers reflect enhancement.
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Inhibition by Anti-Ly-5 is Allele Specific
The Ly-5.1 antiserum used in the previously described
experiments was raised in a strain combination in which
donor and recipient were matched for known alloantigens yet
were unrelated strains, and undoubtedly differed at many
genetic loci.

Although sera raised in this strain

combination are reported to recognize only the Ly-5.1 cell
surface alloantigen (50), it is possible that the inhibitory
activity against spleen effector cells for ADCC resides in
an as yet undetected antibody for an antigen other than the
Ly-5.1 antigen.

To eliminate the possibility that

antibodies with specificities for antigens other than Ly-5
in the antiserum might cause inhibition of ADCC, a number of
experiments were done to test the specificity of the Ly-5
antisera.
Ly-5.1 antiserum was tested for inhibition of ADCC
using spleen cells from B6-Ly-5.1 and congenic B6-Ly-5.2
mice.

These two strains of mice serve as excellent models

for testing the specificity of Ly-5 antisera since the two
strains have identical genetic backgrounds and differ only
at the Ly-5 locus and closely linked loci.

When antiserum

was included in a I hr 51Cr-release assay with Ab-SRBC at a
final concentration of 1:20, anti-Ly-5.1 sera had no effect
on ADCC by B6-Ly-5.2 spleen cells (Figure 6).
was not tested in this experiment.

Anti-Ly-5.2

(B6-Ly-5.l)

(B6-Ly-5.2)
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Figure 6. The effect of anti-Ly-5.1 on ADCC by spleen cells from B6-Ly-5 I
and BG-Ly-S.2 congenic mice. Spleen cells were incubated in medium
alone (#--• ), or in the presence of 1:20 anti-Ly-5.1 (*— M ) prior to
incubation with 31Cr-Iabeled Ab-SRBC for I hr.
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I

Since the anti-Ly-5.2 serum raised in (BIO x A-SWjF1 .
mice (see Materials and Methods) had shown some binding
activity on B6-Ly-5.1 cells by HF ,

antisera to Ly-S

determinants were raised in new strain combinations. Ly-5.1
antiserum was raised by immunizing (B6-Ly-5.2 x SJLjF1
mice with lymphoid cells from B6-Ly-5.1 mice.

By keeping

the B6 background constant between donor and recipient,.a
more specific antiserum was raised.

Although it took

extensive immunizations, the titer of the antiserum as
assessed by H F on B6-Ly-5.1 cells eventually reached ttrat
of the original Ly-5.1 antiserum raised in SJL mice.

This

antiserum was absorbed at one volume of antiserum per 4
volumes of pelleted lymphoid cells from B6-Ly-5.2 mice for
30 min on ice and the supernatant was tested for activity
and titer by H F on B6-Ly-5.1 and B6-Ly-5.2 spleen cells
before use in ADCC.

Ly-5.2 antiserum was raised by Rolf

Taffs by immunizing (B6-Ly-5.1 x A-SWjF1 mice with lymphoid
cells from congenic B6-Ly-5.2 mice; this serum was absorbed
with cells from B6^Ly-5.1 mice, and tested for activity
before use in ADCC as described above for the Ly-5.1
antiserum raised in (congenic B6-Ly-5.2 x SJLjF1 mice.
These antisera were then further tested for inhibition of
ADCC by B6-Ly-5.1 and B6-Ly-5.2 spleen cells.

Antisera were

also tested on (B6-Ly-5.1 x B6-Ly-5.2)F1 spleen cells for
inhibition of ADCC.

These F1 mice should express both of
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the Ly-5 allelic products on their cell surfaces.

if the

inhibitory effect of Ly-5 antisera is truly an allele
specific effect, then the combination of anti-Ly-5.1 and
anti-Ly-5.2 should inhibit F1 spleen cells more than either
antiserum alone.
Ly-5.I antiserum inhibited both B6-Ly-5.1 and F1
spleen cells in ADCC to Ab-SRBC but did not have much of an
effect on B6-Ly-5.2 spleen cells (Figure 7).

Likewise the

Ly-5.2 antiserum inhibited both the B6-Ly-5.2 and F1 spleen
cells but had little effect on cells bearing the Ly-5.1 "
antigen.

The effect of anti-Ly-5.1, being compared to NMS

in this experiment, is not as significant on B6-Ly-5.1
spleen cells as it was in the previous experiment (Figure
6), where anti-Ly-5.1 was compared to medium alone,

it is

known that there are genetic differences in levels of ADCC;
the B6 strain is a "low-responder" strain in ADCC (90). The
overall level of cytotoxicity using B6-Ly-5.1 spleen cells
was low in many experiments, making it difficult to measure
a significant level of inhibition.

It should be noted that

inhibition by Ly-5 antisera of spleen cells from appropriate
"high-responder" strains of mice was significant in other
experiments where levels of cytotoxicity were higher.

in

most experiments the cytotoxicity displayed by spleen cells
from age-matched B6-Ly-5.2 and F1 mice was significantly
higher than that displayed by spleen cells from B6-Ly-5.1

30

BG-Ly-SJ

BG-Ly-S.2

BG (Ly-5.1 X Ly-B.2) F,

Figure 7. Comparison of the effects of Ly-5 antisera on ADCC by B6-5.1,
B6-5.2 congenic, and B6(Ly-5.1 x L y - S ^ F 1 cells. Spleen cells were
incubated in 1:20 NMS, 1:20 anti-Ly-5.1, 1:20 anti-Ly-5.2, or a 1:20
mixture of both anti-Ly-5.1 and anti-Ly-5.2 prior to incubation with
^^Cr-Iabeled Ab-SRBC for I hr.
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mice (data not shown). .
If the inhibitory factor in Ly-5.1 antiserum is
antibody, it should be possible to totally absorb out the
activity exerted by this antibody using an excess of Ly-5.1
positive cells.

To test this, various volumes of pooled

cells from spleen, thymus, and lymph nodes of either
B6-Ly-5.1 or B6-Ly-5.2 mice were mixed with a constant
volume of Ly-5.1 antiserum.

Mixtures were incubated for 15

min on ice before centrifuging at 14>00 x g to remove
cells with absorbed antibody.

Absorbed serum or

(B6-5.2 x S J D F jl NMS at a final concentration of 1:10 was
then added to the ADCC assay containing B6-Ly-5.1 spleen
effector cells.

Absorption with cells bearing the

alternative allele B6-Ly-5.2 had no effect on the inhibitory
activity of anti-Ly-5.I serum (Table 4).

Absorption with

B6-Ly-5.1 cells reduced the inhibitory activity of
anti-Ly-5.1 in a dose-dependent manner. As little as one
quarter volume of pelleted cells per one volume of Ly-5.1
antiserum was enough to absorb out one half of the
inhibitory activity and a one to one volume of cells to
antiserum resulted in total abrogation of inhibitory
activity.
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Table 4.

Absorption of anti-Ly-5.I inhibitory activity
a

Absorption Ratio

b
% Cytotoxicity (+SE)

% Inhibition

B6-Ly-5.2 cells 4:1

12.59 (2:63)

38.31

2:1

11.70 (4.66)

42.68

1:1

11.87 (1.50)

41.84

0.25:1

10.36 (2.90)

49.24

0.06:1

8.68 (2.29)

57.47

B6-Ly-5.I cells 4:1

20.85 (,1.13)

-2.16C

2:1

20.88 (4.27)

-2.30

1:1

21.35 (3.72)

-4.60

0.25:1

15.97 (0.59)

21.75

0.06:1

9.28 (2.38)

54.53

11.74 (4.41)

42.48

unabsorbed control
NMS

20.41 (1.40)

•

-

a Represents packed cell volume to volume of antisera
absorbed.
k % Inhibition calculated as described in Materials and
Methods using NMS as a control.
c Negative numbers indicate enhancement.
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Inhibition by Anti-Ly-5.I is Independent of Fe
Three different approaches were taken to examine the
role of the Fe region of the Ly-5.1 antibody in inhibition
of ADCC to Ab-SRBC.

The first approach involved increasing

the amount of anti-SRBC in the assay in order to decrease
the chance for Ly-5.1 antibody to" compete with Ab-SRBC for
the FcR on effector cells.

Anti-Ly-5.I inhibited ADCC by

BALB/c spleen cells at all three concentrations (1:10,
1:100, 1:1000) of anti-SRBC tested (Figure 8).

Although

inhibition by anti-Ly-5.1 serum became less significant
with increasing concentrations of anti-SRBC, overall levels
of killing were also reduced due to clumping of the Ab-SRBC.
These results suggest that only a portion of the inhibition
by anti-Ly-5.1 can be attributed to competition for FcR.
The classical approach to studying competition for
FcR involves complicated mixing experiments.

"Third-party"

cells that are positive for the Ly-5.1 antigen but not
active in ADCC are coated with anti-Ly-5.1 serum, washed to
remove excess antibody and mixed with untreated spleen
effector cells.

If the mechanism of inhibition of ADCC by

Ly-5.1 antiserum is because the Fe region of Ly-5.1
antibody interacts with the FcR on effector cells then the
untreated spleen effector cells should be inhibited by the
presence of "third-party" cells coated with anti-Ly-5.1.
Thymus cells which are not active in ADCC were treated with

23 r1:10 antl-SRBC

1:100 antl-SRBC

1:1000 antl-SRBC

EFFECTOR:TARGET RATIO

Figure 8. The effect of various concentrations of anti-SRBC sera on inhibi
tion by anti-Ly-5.I . BALB/c spleen cells were incubated with medium
alone (#-- #), or 1:20 anti-Ly-5.1 (H— H ) prior to incubation with
biCr-Iabeled SRBC treated with 1:10, 1:100, or 1:1000 anti-SRBC s6ra.
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Ly-5.1 antiserum, washed and mixed with an equal number of
untreated spleen cells and tested for ADCC (Figure 9).
Untreated spleen cells mixed with Ly-5.1 antiserum treated
thymocytes produced cytotoxicity equal to that mediated by
a mixture of untreated spleen cells and untreated
thymocytes.

Spleen cells treated with

Ly-5.1 antiserum,

washed, and then mixed with untreated thymus cells had
significantly reduced ADCC activity.

since it might be

argued that thymus cells do not present anti-Ly-5.1 Fe in a
manner comparable to that by spleen cells treated with antiLy-5.1, anti-Ly-5.1 treated spleen cells were mixed with
untreated spleen cells.

Spleen cells coated with anti-Ly-

5.1 had no effect on untreated spleen cells in comparison to
an equal number of untreated splenocytes (Figure 10).

The

ADCC activity of treated spleen cells mixed with untreated
spleen cells was 50% of the activity shown by an equal
number of untreated spleen cells since one-half of the
spleen cells were inhibited by treatment with Ly-5.1
antiserum.
Although the mixing experiments argued against FcR
competition as a mechanism for inhibition of ADCC by Ly-5.1
antiserum, the fact that H-2Kk and E-b.d antisera also
decreased killing (Tables 2. and 3) suggested that antibody
binding to the effector cell might be much more effective
in competing for FcR than antibody bound to "third-party"
cells, as described by Kurlander (91)

To be more certain
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£ 20

2.5
5
IC
EFFECTOR TARGET RATIO

Figure 9. Thymus cells treated with anti-Ly-5.1 do not
inhibit ADCC by untreated spleen cells. Spleen and
thymus cells were treated with medium alone or anti-Ly5.1, washed once, and mixed together at equivalent
concentrations. The starting concentration was 2
million cells. Untreated spleen cells and untreated
thymus cells (#— •); treated spleen cells and untreated
thymus cells (■— 31); untreated spleen cells and treated
thymus cells (£— @ ) ; or treated spleen cells and treated
thymus cells (Jk_were incubated at various E:T ratios
with ^1Cr-Iabeled Ab-SRBC for I hr.
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Figure 10. Spleen cells treated with anti-Ly-5.1 do not inhibit ADCC by
untreated spleen cells. Spleen cells were treated with medium alone
or anti-Ly-5.1, washed once, and mixed together at equivalent
concentrations. Eight million untreated spleen cells (•— •); 8 million
treated spleen cells
); 4 million treated spleen cells mixed with
4 million untreated spleen cells (H — M ); or 8 million spleen cells
incubated with 2:20 anti-Ly-5.1 throughout the assay ( ^ — ), were
incubated with ^Cr-Iabeled Ab-SRBC for I hr at various E:T ratios.
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that the Fe regions of the inhibitory antibodies played no
role in inhibition of ADCCz it was necessary to produce
F(ab')2 fragments of purified antibodies.

Antibodies

were purified from serum using Protein A-Sepharose beads and
portions were digested with pepsin under low pH conditions
(see Materials and Methods).

Portions of purified

antibodies were subjected to the same conditions in the
absence of pepsin in order to serve as intact controls for
the fragment preparations.

F(ab')2 fragments were also made

from IgG purified from SJL NMS.

The first fragments were

generated from IgG from anti-Ly-5.1, anti-H-2Kk, and SJL NMSz
since anti-H-2Kk serum was previously shown to be inhibitory
for ADCC by CBA (H-2k) spleen cells (Table 2).

Although

digestion of immunoglobulin with pepsin would normally
generate F(ab')2 50,000 dalton size fragments when analyzed
by SDS PAGE (under reducing conditions), in this preparation
Fab sized fragments of 25,000 dalton were generated.

This

may have been due either to a contaminating enzyme in the
pepsin preparation or to the multiple freezes and thaws that
the F(ab')2 preparation went through before the assay.

One

and one-half million CBA (H-2Kk, Ly-5.1) spleen cells were
treated with 29 ug of the various Fab fragments for 20 min
on ice, washed once, and tested for ADCC activity against
Ab-SRBC. Figure 11 shows that only Fab fragments of Ly-5.1
antibody inhibited ADCC.

The fragment preparations of

anti-Ly-5.1 and SJL NMS contained, at the most, 4 ug of
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contaminating intact antibody per 29 ug of Fab.' This
material was not cleared by multiple incubations with
Protein A-Sepharose.
To be certain that the inhibition seen with anti-Ly- •
5.1 Fab was not due to the small amount of contaminating
intact antibody in the preparation, purified intact
undigested antibody was also tested for inhibition of ADCC.
As much as 10 ug of intact anti-Ly-5.1 had no effect
on ADCC by 1.5 x IO6 CBA spleen cells (Figure 11).

Purified

intact antibodies from anti-H-2Kk serum and SJL NMS also had
no effect on ADCC.

Therefore the inhibition seen by

anti-Ly-5.1 Fab could not be attributed to contaminating
intact antibody.

Higher concentrations of intact antibodies

were not tested in this experiment.
F(ab')2 fragments were generated from anti-Ly-5.1,
SJL NMS, and E-b.d sera since E-b.d had shown some
inhibitory activity in ADCC against Ab-SRBC by BALB/c spleen
cells (Table 3).

Equivalent concentrations of Protein A-

purified intact (undigested) IgG of Ly-5.1 and E-b.d
showed similar binding efficiencies on BALB/c spleen cells
by HF.

Therefore, equivalent I ug concentrations of

F(Bbz)2 fragments of E-b.d, anti-Ly-5.1, and SJL NMS IgG
were used to treat BALB/c spleen cells, assaying for ADCC
activity.

Only the F(abz)2 fragments of Ly-5.1 antibody

showed inhibition in comparison to F(ab")2 fragments made
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Figure 11. Comparison of the effects of Fab fragments of
anti-Ly-5.1 and anti-H-2Kk on ADCC to Ab-SRBC. One and
one-half million CBA spleen cells were treated with 29
ug of NMSf anti-H-2K , or anti-Ly-5.1 Fab fragments and
washed prior to incubation with 51Cr-Iabeled Ab-SRBC
for I hr. Ten micrograms of undigested preparations of
each antiserum and SJL NMS were also included as a
control for contaminating undigested antibody (<4.0 ug,
in each case) in the Fab preparations. The effector
to target cell ratio was 10:1.
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from NMS (Figure 12).

Although as little as I ug of F(ab')2

from Ly-5.I antibody was inhibitory to ADCCz and although
the purified undigested antibody showed good binding
efficiencies on BALB/c spleen cells by HF, as much as 20 ug
of intact anti-Ly-5.1 or E-b.d IgG had no effect on ADCC
(data not shown).
Experiments using F(ab')2 fragments generated from
E-b.k and anti-Ly-5.1 IgG to treat CBA spleen cells before
testing for ADCC activity gave similar results (data not
shown).

These results show that whereas perhaps many

antibodies to cell surface antigens found on the
subpopulation of spleen cells containing spleen effector
cells (H-2, Ly-5) are inhibitory to ADCCz the inhibition
seen with antibodies directed against H-2 antigens appears
to be dependent upon the Fe region of the antibody and not
to specific binding as it is with anti-Ly-5.1.

Therefore

inhibition by anti-Ly-5.1 is a specific Fe independent
event.

These results expose a possible role for the Ly-5

locus in ADCC of Ab-SRBC.
Anti-Ly-5.I Inhibits ADCC to Ab-P815
Since ADCC to tumor cells and ADCC to erythrocytes
may be performed by the same cell types and by a similar .
mechanism I felt that it was important to test the effect ■
of anti-Ly-5.1 on ADCC to tumor cells.

A system was

developed in which spleen cells from either BALB/c or CBA
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Figure 12. Comparison of the effects of F(ab')2 fragments of
anti-Ly-5.1 and E-b.d on ADCC to Ab-SRBC. One million
BALB/c spleen cells were treated with I ug of N M S ,
E-b.d, or anti-Ly-5.1 Ffab'l? fragments and washed
prior to incubation with 51Cr-Iabeled Ab-SRBC for I hr.
The effector to target cell ratio was 10:1.
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mice were incubated with anti-H-2d coated P815 tumor cells
(Ab-PSlS) for 4 hr.

The resultant cytotoxicity generated

in this assay was mainly due to ADCC since levels of NK
activity as measured by incubating spleen cells with
uncoated PSlS tumor cells were very low (<5%).

Three

antibodies were tested for inhibition of ADCC to Ab-PSlS:
anti-Ly-5.I, E-b.d, and E-b.k.

CBA (H-2k , Ly-5.1) spleen

cells were treated with various dilutions of Ly-5.1 or E-b.k
antisera for 10 min at 4°C and washed once before incubation
with Ab-PSlS.

Although E-b.k was approximately 16 fold more

efficient in binding to CBA spleen cells as assayed by HF,
Ly-5.1 antiserum was significantly more inhibitory to
effector cells in ADCC of Ab-PSlS than E-b.k at all
dilutions tested (Table 5). Percent inhibition was ■
calculated as a percent loss in cytotoxic activity after
treatment with antisera compared to treatment with medium
alone.

Table 6 shows similar results from an experiment

testing various dilutions of anti-Ly-5.1 and E-b.d on BALB/c
(H-2d, Ly-5.1+) spleen cells in ADCC to Ab-PSlS.

Although

E-b.d had an 8 fold stronger binding efficiency (titer) on.
BALB/c spleen cells by IIF, anti-Ly-S.l was a more potent
inhibitor of ADCC than was E-b.d at most of the dilutions
tested.

Unfortunately, in this system (BALB/c ADCC to Ab-

P815) overall levels of cytotoxicity were low, making a
difference in cytotoxicity difficult to detect and less
significant.

Table 5.

The effect of treatment of CBA spleen effector cells with
anti-Ly-5.1 or E-b.k serum on ADCC to Ab-P815 target cells.

Anti-Ly-5 .Ia
Dilution*3

E-b .ka

%Cyto (+SE)c

%Id

-

-

-

1:40

12.13

(2.60)

58.64

1:20

7.66 (0.73)

73.88

1:320

19.83

(2.05)

32.39

1:40

7.64 (3.55)

73.95

-—

1:80

9.54 (1.94)

67.47

1:1280

16.61

(4.74)

43.37

1:160

15.78 (6.04)

46.20

—

1:320

15.73 (3.78)

46.37

1:5120

Dilution*3

% Cyto (+SE)c .%Id

22..53

(6.83)

23.18

a Treatment with medium alone resulted in 29.44% cyto. Treatment with
various dilutions of NMS ranging from 1:20 to 1:80 resulted in 21 80%
cyto and <26% I.
b Dilutions reported are as used in the assay but are lined up according
to equivalent titers as determined by H F on CBA spleen cells, i.e.
E-b.k is 16 fold stronger than anti-Ly-5.1 by HF.c %Cyto = percent cytotoxicity (see Materials and Methods)
%I = percent inhibition calculated as described in Materials and
Methods using medium as a control.

Table 6.

The effect of treatment of BALB/c spleen cells with anti-Lv-5 I
or E-b.d serum on ADCC to Ab-P815
Anti-Ly-5.Ia

Dilution13

E-b.da

% Cyto (+SE)C

%ld

—

--

—

—

--

—

—

--

—

Dilution13 % Cyto (+SE)C
-----

%i(3

-

-----

1:20

11.61 (6.27)

• 30.23

1:40

16.05 (5.24)

3.54

1:20

0.29 (7.01)

98.26

1:80

16.05 (2.52)

3.54

1:40

5.11 (3.59)

69.29

1:160

14.40 (3.75)

13.46

1:80

3.65 (3.61)

78.06

1:320

7.18 (1.73)

56.85

1:160

3.85 (2.19)

76.56

1:640

'12.84 (2.35)

,22.84

1:320

7.84 (5.98)

. 52.88

1:640

8.13 (3.06)

51.14

1:20 NMS reSuitVd

crto „ a 7 " 7 * l "

E-b.d is 8 fold stronger than anti-Ly-5.1 by HF. ,
c

% Cyto = percent cytotoxicity (see Materials and Methods)

% 1 = Perc^nt inhibition calculated as described in Materials and
Methods using medium as a control.

64

. DISCUSSION
ADCC is a type of cell-mediated killing that, unlike
CTL and NK cytolysis, requires the presence of FcR on
effector cells and a target cell coated with antibody.

The

fact that ADCC effector cells use FcR to interact with
target cells presents a significant problem when studying
the inhibition of killing by treating effector cells with
antisera to cell surface molecules.

The FcR on these cells

are vulnerable to inhibition by aggregated Ig or immune
complexes even in very small amounts (92,93).

If antiserum

is added to the ^Cr-release assay and becomes complexed
with free antigen or aggregated in some way, the complexes
formed can compete with the antibody-coated target cells for
FcR on effector cells.

It was, therefore, very important to

ultracentrifuge our antibody and fragment preparations
before testing to remove any aggregates that may have formed
upon freezing.

In most of my experiments the cells were

treated with antisera and washed to remove unbound antibody
before testing for ADCC activity.

I did this to reduce the

probability of free-floating immune complexes forming during
the assay.
All of the conventional H-2 and Ly-5 antisera tested
were effective at blocking ADCC. Antisera, to T-cell antigens
(anti-Lyt-1 and anti-Thy-1.2) were not effective.

The first
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indication that the inhibition seen with the H-2 antisera
was not antigen specific (with the exception of anti-H-2K*<)
was the observation that the inhibition was not
dose-dependent.

By contrast, inhibition by anti-Ly-5.1 was

dose-dependent and therefore implicated a specific reaction
of antibody with antigen sites on Ly-5.1 positive cells.
By purifying these antibodies and testing their pepsin
fragments on ADCC by spleen cells positive for the antigens
of interest, I was able to demonstrate conclusively that
the H-2 sera inhibited ADCC only by an Fc-dependent
mechanism.

Either Fab or F(ab')2 fragments of purified

Ly-5.1 antibody were inhibitory to ADCC.

I attempted to

reduce the possibility of competition for FcR on effector
cells by anti-Ly-5.1 by increasing the amount of anti-SRBC
antibody in the assay.

Even though high concentrations of

anti-SRBC antibody (1:10) reduced overall ADCC activity,
inhibition by anti-Ly-5.1 was still evident.
The results I. obtained with the H-2 sera confirm the
work of Halloran et al. (80) who showed that although H-2K
and H-2D intact antibodies inhibited ADCC (of Ab-CRBC),
F(ab )2 fragments did not.

Although inhibition with

anti-H-2K^ on CBA (H-2^) spleen cells did appear to be
dose-dependent, Fab fragments did not retain this
inhibitory activity. It was interesting to note that the
same concentrations of undigested E-b.d and anti-Ly-5.1
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purified antibodies that gave high binding efficiencies on
spleen cells by IIF7 did not inhibit ADCC.

Fragments of

antibody may be more stable than intact antibody during
incubation at 37°C at pH 4.5 or under our storage
conditions '(-80°C).
Even though Ly-5.1 antibody inhibited ADCC by a
specific interaction that was independent of Fc7 it was
still possible that Ly-5 antibodies inhibited FcR function
because Ly-5 molecules were in close proximity to FcR on
spleen effector cells.

Combination of Ly-5 antigens with

specific antibody might cause perturbation of nearby
membrane molecules and inadvertently affect the function of
FcR.

Bourginon et al. (94) have indeed shown that rabbit

antibodies to T200 cocap H-27 TL7 and Thy-I antigens on
mouse thymoma cells.

Cocapping studies using Ly-5 antisera

and anti-FcR antibody or aggregated IgG were not attempted
here but would be useful in resolving this point.
One possible objection to initial studies using Ly-5
antisera was that they were produced in strain combinations
in which donor and recipient probably differed at many
genetic loci; hence, although the sera appeared specific by
H F for B6 cells carrying the appropriate Ly-5 locus, the
specificity of the sera still might be questioned.
Therefore7 a new source of Ly-5.1 antisera was developed
and a variety of experiments were selected to study the
specificity of the Ly-5 antisera.

Mice congenic for the
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studies.

Congenic mice are useful tools for studying the

specificity of alloantisera.

In this case, the congenic B6

mice carry either the Ly-5.1 or 5.2 allele on a B6 (H-2b)
background. • Only the Ly-5 locus and loci linked closely to
it should be different between the two strains.

Using the

congenic strains of mice to minimize genetic differences
between donor and recipient, we were able to produce Ly-5.1
and Ly-5.2 antisera with an increased specificity for the
appropriate Ly-5 antigen and with a titer equal to that of
the antisera raised previously in A.SW and SJL mice.

The

new antisera proved to be reactive by H F and inhibition of
ADCC only with spleen cells from the appropriate B6 congenic
strain of mouse.

In most cases, the anti-Ly-5.2 sera seemed

to be more inhibitory in ADCC to B6-Ly-5.2 spleen cells than
were the anti-Ly-5.1 sera on the B6-Ly-5.1 spleen cells.
The concentration of antisera used in the ADCC assays was
always preadjusted according to H F titer on B6-Ly-5.1 and
B6-Ly-5.2 spleen cells so the difference seen with the
inhibitory studies could not be attributed to a difference
in titer.

Cells from B6-Ly-5.2 mice may bear Ly-5.2

antigens in higher density and be more inhibitable than
cells from B6-Ly-5.1 mice.

Antigen density on spleen cells

from these mice has not yet been determined.
in inhibitory capacity of the

The variations

antisera might also be

explained by a difference in antibody affinity.
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F1 heterozygotes obtained by crossing B6-Ly-5.1 with
B6-Ly-5.2 congenic mice provided us with mice bearing both
Ly-5 allodeterminants on spleen cells.

Harp et al. (67) had

previously shown that both Ly-5.I and Ly-5.2 antisera were
required to inhibit CTL killing by these F1 splenocytes.
Figure 7 shows that in the inhibition of ADCC by spleen
cells from F1 mice, either anti-Ly-5.1 or anti-Ly-5.2 sera
were inhibitory alone but that the combination of antisera
caused a greater inhibitory effect.

The combination of

antisera did not appear to inhibit F 1 spleen cells to a much
greater extent than either antiserum alone as would be
expected if the effects of the two antisera were additive.
It is possible that the concentration of antisera used for
inhibition was far in excess of what was needed for
inhibition and that by using lesser amounts of antibody an
additive effect might have been seen.

A second possibility

is that the two Ly-5 alleles may be expressed on the same
cell in close proximity to one another in which case
treatment with antiserum to one allele might result in
blockade of both antigens.

If part of the inhibition by

anti-Ly-5 antibodies was due to FcR blockade and if the high
concentrations of antisera used approached saturation for
FcR inhibition, this might explain the increased inhibition
by either antiserum alone over the combination of antisera.
The fact that all of the inhibitory activity could be
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absorbed out of the Ly-5.1 antiserum with lymphoid cells
from B6-Ly-5.1 mice and ho activity was absorbed out with
B6-Ly-5.2 cells further demonstrated that the Ly-5.1
antiserum contained antibodies only to Ly-5.1 or antigens
controlled by closely linked loci.
On a genetic level I have further evidence that the
Ly-5 gene may actually code for a cell surface glycoprotein
involved in cell cytolysis.

Studies using the B6 congenic

mice revealed a rather interesting disparity in the
capacity of spleen cells from the different mice to mediate
ADCC.

In most experiments where age-matched B6-Ly-5.1,

B6-Ly-5.2, and F1 mice were tested for ADCC activity, the
B6-Ly-5.I mice had lower levels of activity against Ab-SRBC
than the BG-Ly-S.2 mice or F1 mice, whose levels of
activity were comparable to BG-Ly-S.2 mice.

These data

support the idea that Ly-S is a molecule involved in cell
cytolysis.

ADCC to Ab-PSlS and NK cytolysis of YAC-I tumor

targets showed no significant differences between the two
congenic strains and the F1 heterozygotes (preliminary
data).

Further studies of this phenomenon are ongoing and

may prove to be very interesting.
In comparison to conventional anti-H-2K*< and
anti-Ly-5.1, monoclonal antibodies to these two antigens
caused only moderate inhibition of ADCC to Ab-SRBC.

Dr.

Ewald at Montana State University has tested a monoclonal
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inhibition of NK cell lysis using the B6-Ly-5.1 and
BS-Ly-S.2 strains and found no effect.

In the same

experiment, treatment of BS-Ly-S.I spleen cells with
conventional anti-Ly-5.1 serum resulted in abrogation of NK
cell lysis (personal communication).

Although Seaman et al.

(73) have shown that their monoclonal antibody to the T200
antigen inhibits NK cell lysis, a critical evaluation of
their data shows only very slight inhibition.

To my

knowledge, there have been no other reports of inhibition of
NK cell lysis or ADCC in the mouse system by monoclonal
antibodies to the T200 or Ly-S antigens.

Since the

monoclonal anti-Ly-5.1 antibody I tried did not block ADCC
to the same extent as the conventional anti-Ly-5.1 serum,
further studies with monoclonal antibodies were not pursued.
The precise molecular role of the Ly-S molecule in
cell-mediated killing is not known.

However, there are-a

number of reports which shed some light on that role.

The

T200/Ly-5 family of glycoproteins is found on nearly all
lymphoid and myeloid cell membranes.

The T200 molecule

itself appears to be important in early cell development
since a monoclonal antibody (called 13.2) directed against
T200 can bind to stem cells and inhibit spleen colony
formation (95).

Cell lineage antigens shared by thymocytes

and stem cells have been shown to be represented on the T200
molecule (96).

It has been suggested that the expression of

various molecular weight forms and antigenic determinants of
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T200 may actually be associated with cell maturation and
differentiation.

Newman et al. (97) have raised four

monoclonal antibodies reactive with distinct regions of the
human T200 molecule.

T w o 'of their monoclonal antibodies,

13.1 and 13.3, recognize and bind to an outer region, called
region A, of the T200 molecule.

These antibodies inhibit NK

cytolysis. The other two monoclonal antibodies react with a
region of the T200 molecule called region B which resides
between the membrane and region A.
block NK cytolysis.

These antibodies do not

The 13.1 monoclonal antibody has since

been shown to block at a discrete stage in the NK lytic
pathway (98).

It blocks at a step after the initial binding

to the target cell just prior to Ca++-dependent
"programming" for lysis.

Burns et al. (99) have a

monoclonal antibody called 9.1C3 that is directed against
some portion of the T200 molecule or a distinct molecule
which is associated with T200.

This antibody will also

block human NK cytolysis as well as ADCC.

The 9.1C3

antibody, like 13.1, appears to block cytolysis at a
post-activation step as determined by ca++ pulse techniques.
Burns et al. also have biochemical evidence suggesting that
the 9.1C3 antibody may bind an epitope that is only exposed
after endogenous proteolysis.
Biochemical studies on T200 have shown evidence for
proteolytic activity in assocation with the T200 molecule.
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In studies on CTL killing, N-«<.-tosyl-L-lysyl-chloromethyl
ketone (TLCK), an irreversible inhibitor of trypsin-like
proteases, inhibits CTL activity.

TLCK is not toxic to CTL.

Sequential immun©precipitation experiments identified the
CTL TLCK-binding protein as T200 (100).

Biochemical

studies done by Ewald and Refling (56) on the Ly-5 molecule
suggest that this molecule may have autolytic activity. Ly-5
molecules isolated by immunoprecipitation with specific
antisera underwent proteolysis upon elution under reducing
conditions in the presence of SDS and Ca++.

Taken

altogether, these data imply that the Ly-5 molecule may have
a proteolytic role in cell-mediated cytolysis and that this
role may be common to CTL, NK cells, and antibody-dependent
killer cells since Ly-5 antisera inhibits all three killing
events.
Antibody to the T200/Ly-5 molecule may block a
"trigger" stage in cytolysis in which conjugation with a
relevant target cell results in the release of a signal
across the cell membrane via the T200 molecule to a lytic
apparatus.

Although antisera to molecules in close

assocation with T200, like H-2, do not appear to inhibit
cytolysis, their involvement may be critical to the lytic
event.

In addition to or instead of blocking specific

molecular channels necessary for lysis, antibody to the
T200/Ly-5 molecule may disrupt internal lytic apparati.
Several investigators have shown that cloned NK cells
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reorient their microtubule organizing centers (MTOC) and
their Golgi appratus to face the region of target cell
contact after conjugation with a target cell (101,102).
This appears to be important for cytolysis since drugs which
disrupt Golgi apparati (monensin) and drugs which
depolymerize microtubules (nocadazole) inhibit cytolysis by
NK cells (101,102).

Electron microscopic evidence shows

that secretory components are transferred from the CTL to
the target cell (38).

Membrane perturbations or the

restriction of membrane molecules by inhibitory antibodies
to certain antigens' may disrupt these secretory channels and
microtubular orientations causing inhibition of cytolysis.
The pattern of inhibition seen with anti-Ly-5.1,
E-b.k, and E-b.d sera on ADCC to Ab-P815 was strikingly
similar to that observed in ADCC to Ab-SRBC.

Although in

the former studies by using antibody fragments the question
of FcR competition was not addressed, the fact that Ly-5.1
antiserum

was a much more potent inhibitor of ADCC than the

H-2 antisera at all dilutions tested gave me the evidence I
needed to suggest that the Ly-S molecule might be involved
in the killing of both tumor and erythroid target cells.
Pollack et al. (76), in studies on the effect of anti-Ly-5.1
on ADCC to SL-2 tumor target cells, showed that although
anti-Ly-5.1 inhibited ADCC at low dilutions, higher
dilutions (1:400-600) of antisera actually enhanced ADCC.

74 •
dilutions (1:400-600) of antisera actually enhanced ADCC.
Our inhibition studies with anti-Ly-5.1 never showed
this effect.

Reasons for these differences have not been

determined.
There were several differences between ADCC to
Ab-SRBC and ADCC to Ab-PSl5 suggesting a difference either
in lytic mechanisms and/or the cells involved in lysis.
Four hours of incubation at 37°C was required for lysis of
tumor target cells by the same spleen cells that mediated
ADCC to Ab-SRBC in I hr. This may only reflect a difference
in target cell size, tumor cells being much bigger than
erythrocytes. Lytic destruction of a larger cell may require
longer to release ^Cr-Iabeled cytoplasmic components.
Lymphocytes may be more efficient at lysing smaller target
cells than larger target cells such as P815 tumor cells.
The optimal E:T required for ADCC to Ab-PSl5 was 5-10 fold
greater than that required for ADCC to Ab-SRBC.

This might

suggest that if the cells mediating ADCC to Ab-PSlS are
different from those mediating ADCC to Ab-SRBC, they
constitute a smaller percentage of the cells in the spleen.
Since it is impossible as yet to clearly separate the spleen
cell population involved in ADCC from cells mediating other
types of cell-mediated killing, especially NK cells, my
studies used whole spleen cell preparations for effector
cells.

The speed at which the effector cells were able to

lyse the Ab-SRBC (I hr in my assay system) strongly favors
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up to 8 hr for completion in most vitro assay systems.
It was necessary to add heat-inactivated effector
cells to control wells containing■Ab-P815 or NMS-P815 during
the 4 hr ADCC assay since incubation of the target cells
alone resulted in high spontaneous lysis.

This was not

needed in the I hr assay for ADCC to Ab-SRBC.

Apparently

the presence of effector cells in the control wells protects
the target cell-antibody complexes in the tumor cell system.
Interestingly enough, heat-inactivation of BALB/c spleen
cells for 15 min at 45°C resulted in abrogation of ADCC to
Ab-P815 but not ADCC to Ab-SRBC.

Further studies on this

phenomenon have not yet been pursued.
My results demonstrating the specific inhibition of
ADCC by antibodies to Ly-5 antigens are consistent with the
results of others studying the involvement of cell surface
antigens in cell-cell interactions in that the Ly-5/T200
molecule appears to be vitally important in cell-mediated
killing processes.

In summary, Ly-5 antisera a) are allele

specific and b) block ADCC to Ab-SRBC and Ab-P815
independently of Fe.
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APPENDIX
Antibodies to Cell Surface Antigens Used in this study

Ag

Distribution

Antibody
Species

IgG subclass

Ly-5

all hematopoietic cells
except mature RBC

mouse

conventional

Ly-5

see above

mouse

me IgG2aa

Thy-I

T-cells, neuronal, epi
dermal cells

rat

me IgG2J3

Lyt-I.I
. and
Lyt-I.2

T-cells

mouse

conventional

H-2Kk

all cells and tissues

mouse

me IgG2a

E-b.k

all cells and tissues

mouse

conventional

E-b.d

all cells and tissues

mouse

conventional

a,,mc" indicates a monoclonal antibody.
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