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Hormone Conjugated with Antibody to CD3 Mediates
Cytotoxic T Cell Lysis of Human Melanoma Cells

MARGARET ANN L1u, SAMUEL R. NussBaAuUM, HERMAN N. EISEN

Cytotoxic T lymphocytes can be activated by antibodies to their antigen-specific
receptor complex (TCR-CD3) to destroy target cells, regardless of the specificity of the
cytotoxic T cells. A novel hormone-antibody conjugate, consisting of an analog of
melanocyte-stimulating hormone chemically coupled to a monoclonal antibody to
CD3, the invariant component of the T cell receptor complex, was used to target
human melanoma cells for destruction by human cytotoxic T lymphocytes that bear no
specificity for the tumor cells. As targeting components of such anti-CD3 conjugates,
hormones or growth factors are expected to prove more effective than antibodies to
tumor-associated antigens in focusing the destructive activity of cytotoxic T cells on

tumor target cells.

T IS WIDELY RECOGNIZED THAT THE

specificity of antibodies for cell-surface

ligands and of hormones for receptors
on cells offers possibilities for delivering
therapeutic agents to selected target cells.
Thus, chemotherapeutic drugs and toxins
have been attached to antibodies that are
specific for tumor-associated antigens [re-
viewed in (I)], and hormones have been
used as vectors for directing chemothera-
peutic agents to tumor cells (2). In alterna-
tive approaches, antibody conjugates, re-
ferred to as heterobifunctional antibody du-
plexes, have been used to target tumor cells
for destruction by killer T cells (3). In the

M. A. Liu, Center for Cancer Research, Massachusetts
Institute of Technology, Cambridge, MA 02139, and
Endocrine Unit, Medical Services, Massachusetts Gener-
al Hospital and Harvard Medical School, Boston, MA
02114.

S. R. Nussbaum, Endocrine Unit, Medical Services,
Massachusetts General Hospital and Harvard Medical
School, Boston, MA 02114.

H. N. Eisen, Center for Cancer Research and Depart-
ment of Biology, Massachusetts Institute of Technology,
Cambridge, MA 02139.

22 JANUARY 1988

duplexes, one antibody (the “targeting”
antibody) is specific for a tumor antigen and
the other (the “effector” antibody) binds
specifically to the antigen receptor complex-
es on T cells, activating their effector func-
tions regardless of the antigens they normal-
ly recognize. Activated cytotoxic T lympho-
cytes (CTLs) lyse the cells to which they are
adherent, and the antibody duplexes can
thus induce CTLs to kill tumor cells for
which they bear no specificity. However,
tumor cell variants that lack tumor-associat-
ed antigens are often found (4). In contrast,
the growth of many tumors is dependent on
their cell-surface receptors for hormones or
autocrine growth factors (5). Hence, hor-
mones or autocrine growth factors might
offer advantages over antibodies to tumor-
associated antigens as targeting reagents.
We describe a novel conjugate in which a
hormone, substituting for the targeting anti-
body, is covalently joined to an antibody to
the CD3 component of the T cell receptor
(TCR)-CD3  complex. The hormone,

termed MSHa, is an analog of a-melano-
cyte—stimulating hormone (MSH); it is spe-
cific for the MSH receptor on melanoma
cells (6). We show that, in the presence of
this conjugate, CTLs destroy melanoma
cells. The conjugate may be regarded as a
useful model for exploring the more general
use of growth factor—antibody conjugates to
mediate destruction of tumor cells and other
factor-dependent cells by cytotoxic cells.

The MSHa—anti-CD3 conjugate (7) me-
diated specific lysis of the human melanoma
line B16F10 (8) by the human CD8*
cloned CTL cell line 6B7 (9) (Fig. 1). That
these CTLs were not specific for the mela-
noma cells they killed was evident from their
failure to lyse these cells in the absence of the
conjugate. Individual components of the
conjugates—that is, the free MSHa alone
(6) and anti-CD3 alone (10)—did not medi-
ate CTL lysis of the melanoma cells. Indeed,
each of them, and also antibodies to MSH
(11), blocked the effect of the conjugate
(Fig. 1B) in a dose-dependent manner (Fig.
2, A, B, and C). These results indicate that
conjugate-mediated lysis of the melanoma
cells depends on the binding of the conju-
gate’s anti-CD3 moiety to the CTL and the
binding of its MSHa moiety to the MSH
receptor on the B16F10 cells; unconjugated
anti-CD3 blocked the former interaction
and unconjugated MSHa and anti-MSH
blocked the latter interaction.

As in conventional antigen-dependent ly-
sis of target cells by CTLs, the conjugate-
mediated lysis of melanoma cells also in-
creased as the ratio of CTLs to melanoma
cells increased. Thus, at ratios of 0.5, 1, 5,
10, and 20 CTLs to one melanoma cell, the
amount of specific lysis was 9, 14, 30, 34,
and 42 percent, respectively, in the presence
of conjugate (~2 X 107%M). When the ra-
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tio was fixed (at 10:1) and the conjugate
concentration was systematically increased
from 7 X 1073M to 7 x 107%M, the ex-
tent of lysis increased to a maximum and
then decreased. Thus, at conjugate concen-
trations of 0.07 X 107°, 0.2 X 107, 0.7 x
107%,2 x 107%,7 x 107%, 20 x 107°, and
70 x 10~°M, specific lysis of B6F10 mela-
noma cells was 0.5, 5, 7, 35, 60, 55, and
42 percent, respectively. A maximum is un-
derstandable because at concentrations be-
yond the optimum (~7 X 107°M) those
MSHa—anti-CD3 conjugates that are bound
to one cell (CTL or target cell) have to

compete with excess free conjugate for bind-
ing sites on the complementary cell, result-
ing in less CTL-target cell cross-link-
ing.

gin the absence of any antigen recognition,
unconjugated antibodies to CD3 can stimu-
late CTLs to lyse those cells that have surface
receptors for the Fc domain of the antibod-
ies (12), probably because an array of anti-
CD3 molecules on the prospective target
cell brings about aggregation or cross-link-
ing of TCR-CD3 complexes and activates
the adherent CTL (13). Such a mechanism
seemed at first to account for our observa-

Fig. 1. (A) Cells of the human melanoma cell line
B16F10 were targeted for lysis by cytotoxic T
lymphocytes of the human cloned CTL cell line
6B7 (CD8*, CD47) by a hormone-antibody
conjugate. The 6B7 cells (2 x 10°) (9) were
incubated in U-bottom 96-well plates (Costar)
with 2 x 10* B16F10 cells (8) in a total volume
of 200 wl of culture medium containing various
concentrations of either the MSH analog (6) or a
monoclonal antibody to CD3 (10), or the
MSHa—anti-CD3 conjugate (7). After 4 hours at ]
37°C, the plates were centrifuged at 1500 rpm for

5 minutes, and 75 ul of each supernatant was o
assayed for radioactivity. Percent-specific lysis was
calculated as [(# — b)/(c — b)] x 100, where a is

the experimental *'Cr release (counts per minute)

from target cells in the presence of effector cells

and antibody, peptide, or peptide-antibody conjugate; & is the >'Cr release from labeled target-cells in
the absence of both CTLs and antibodies or peptides—that is, the spontaneous release (12 percent on
average); and ¢ is the maximal lysis determined by incubating 2 X 10% *'Cr-labeled target cells in 200 pl
of 1N HCl for the 4 hours (about 85 percent of their total *'Cr content). The results are averages of
duplicates, which generally agreed to within +10 percent of the mean. The controls contained CTLs
and B16F10 melanoma cells with no antibody or MSH analog. The final concentrations of anti-CD3,
MSHa, and MSHa—anti-CD3 conjugates were 8 X 107°M, 7 x 107°M, and ~1078M, respectively
(6). (B) Anti-CD3, MSHa, and anti-MSH inhibit the cytotoxic effect of the MSHa—anti-CD3
conjugate. The CTLs (6B7 cells) were incubated with 3'Cr-labeled B16F10 human melanoma cells at a
10:1 ratio in the presence of the MSHa—anti-CD3 conjugate (at a final concentration of ~2 x 107831)
and unconjugated anti-CD3 (3 x 1077M), MSHa (4 x 10~°M), or anti-MSH (a 1: 200 dilution of the
stock solution) (11). After 4 hours at 37°C, the *'Cr release was measured as described in Fig. 1A.
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Fig. 2. Concentration dependence of the inhibitory effects of anti-CD3, MSHa, and anti-MSH on the
MSHa—anti-CD3 conjugate—mediated lysis of B16F10 melanoma cells by CTLs. CTLs of clone 6B7
were incubated with B16F10 melanoma cells at a 10:1 ratio in the presence of the MSHa—anti-CD3
conjugate (2 X 107%M) and the indicated concentrations of anti-CD3, MSHa, and anti-MSH. The
stock solution of anti-MSH (11) was diluted 1:3 prior to the dilutions indicated. The percent-specific

{ysis for MSHa—anti-CD3 and CTLs in the absence of inhibitors (calculated as in Fig. 1A) in the 4-hour

3!Cr-release assay was 66 percent. The percent inhibition was calculated as [(2 — &)/a] X 100, where 2
is the MSHa—anti-CD3-mediated CTL lysis of BI6F10 cells observed in the absence of inhibitors and &
is the specific lysis in the presence of a given concentration of inhibitor.
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tions with other melanoma cell lines—for
example, M1313, whose lysis by CTL clone
6B7 was mediated not only by the MSHa-
anti-CD3 conjugate (Fig. 3A), but also
(though less extensively) by anti-CD3 alone.
(For B16F10 cells, this effect appeared only
at extremely high concentrations of anti-
CD3, 2.5 X 1077M.) The inhibition pat-
tern of the lysis that was mediated by anti-
CD3 alone differed from that mediated by
the conjugate; thus, the uncoupled MSHa
and antibody to MSH inhibited conjugate-
mediated lysis, but they did not affect the
lysis mediated by anti-CD3 alone.

Although the presence of Fc receptors on
M1313 melanoma cells could explain their
susceptibility to anti-CD3-mediated lysis by
CTLs, we were unable to demonstrate these
receptors on the M1313 cells by means (i) of
flow cytometry using either antibodies to
CD3 or to Fc receptor (antibody 3G8) (14)
plus a fluorescein-labeled second antibody,
(ii) by direct or indirect binding of '*I-
labeled anti-CD3, or (iii) by attempting to
inhibit the reaction with a large excess of
nonspecific antibody of the same immuno-
globulin G subclass. In the absence of de-
monstrable Fc receptors on target cells, oth-
ers have also observed that intact (Fc-bear-
ing), ostensibly monomeric antibodies can
activate T cell effector functions (15). Never-
theless, it remained possible that Fc recep-
tors were present below the level of detec-
tion on M1313 cells and were responsible
for their lysis by CTLs in the presence of
unconjugated anti-CD3. Therefore we test-
ed the activity of F(ab’), fragments of anti-
CD3 (16). These fragments, which were free
of intact antibody (inset, Fig. 3B) and which
had been ultracentrifuged at >100,0004 to
remove aggregates, were still able to mediate
(in the presence of CTLs) some lysis of
M1313 cells, although less efficiently than
intact anti-CD3 (Fig. 3B). These results
suggest that even the minimal degree of
cross-linking of TCR-CD3 receptors expect-
ed to result from the activity of monomeric
bivalent anti-CD3 F(ab'), fragments may be
able to induce low levels of cytolytic activity
of CTLs. The differences in susceptibility of
various melanoma cells to anti-CD3-medi-
ated lysis by CTLs might reflect differences
in the extent to which they adhere nonspe-
cifically to T cells (17).

Although CTL lysis of tumor cells can be
mediated by heteroantibody duplexes in
which anti-CD3 is linked with antibodies to
tumor-specific antigens (3), hormone-anti-
body conjugates offer potential advantages.
For instance, some tumors secrete the anti-
gens that might otherwise serve as cell-
surface markers for targeting antibodies—
for example, carcinoembryonic antigen
(CEA). By competing with CEA on tumor
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Fig. 3. (A) Unconjugated anti-CD3
mediates CTL lysis of human mela-
noma line M1313 but less than the
MSHa-anti-CD3 complex does. A 4- 2
hour *'Cr-release assay was per-
formed with human CTL clone 6B7 50 —
and human melanoma line M1313
(8) as described in Fig. 1A. The
control, which contained only CTLs
and M1313 cells, with no antibody,
conjugate, or F(ab'), fragments pre-
sent, was repeated for each experi-
ment to reveal any natural killer-like
activity by the CTLs; such activity is
often expressed for up to about 10
days after stimulation of CTL cul-
tures with phytohemagglutinin and
fresh allogeneic peripheral blood
lymphocytes (9). The results are the
averages of duplicates, which agreed 20 —
to within +3 percent of the mean.
(B) The ability of both intact anti- L
CD3 and F(ab'), fragments of anti-

CD3 to mediate CTL lysis of human 5
melanoma cells. The CTLs (6B7) and .
*ICr-labeled human melanoma cells
(M1313) were incubated in the pres- i
ence of intact or F(ab’), anti-CD3

for a standard 4-hour *'Cr-release 0
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lower than in (A), probably because
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the CTLs no longer expressed natural killer—like cytolync activity. The results are the averages of

duplicates, which generally agreed to within +3

rcent of the mean. The concentrations of anti-CD3

and F(ab'), anti-CD3 from left to right were 2.5 x 1077M, 8 x 1078M, and 8 x 10~°M for each.
Inset: Evidence that the F(ab'), fragments of anti-CD3 were free of intact (Fc-bearing) anti-CD3
antibody. Polyacrylamide minigels (Bio-Rad, Mini-Protean II) (7 percent) were run at constant voltage
(200 V) and stained with Coomassie brilliant blue (lanes 1 to 5 from left to right) or silver stain (16).
(Lane 1) High molecular weight markers (Bio-Rad), 43,000 to 200,000; (lane 2) low molecular weight
markers (Bio-Rad), 14,000 to 97,000; (lane 3) intact anti-CD3; (lane 4) F(ab'), digest before
purification; (lane 5) F(ab'); after purification on a protein A column; (lane 6) F(ab'), after two passes
over a protein A column (silver stain). No contaminating intact antibody is seen.

cells, high levels of circulating CEA would
inhibit binding of the heteroantibody du-
plexes to the tumor. Moreover, the expres-
sion of many tumor-specific surface antigens
is not essential to tumor cell survival, and
tumor cell variants that lack these antigens
are commonplace [for example, see (4)]. In
contrast, receptors for hormones and
growth factors may be expected to be related
more consistently to the malignant state of
the tumor cell.

In the hormone-antibody conjugate de-
scribed here, both the hormone and anti-
body moieties are highly specific for their
respective receptor and ligand; hence the
conjugate can promote the adhesion and
activation of CD3* T cells on target cells
that the T cells would otherwise not recog-
nize. How the anti-CD3 moiety of the
conjugate induces the cytolytic activity of
those T cells (CD8* T cells and some CD4*
T cells) that inherently have this capability is
not entirely clear, but it is likely that the
simultaneous binding of the conjugate to
CD3 on a CTL and to MSH receptors on a
target cell results in aggregation of the
CTL’s TCR-CD3 complexes.
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Although we have dealt with an analog of
MSH as the targeting reagent, it is obvious
that this peptide is representative of a large
number of other peptide hormones and
growth factors. Similarly, the anti-CD3
moiety can very likely be replaced by other
effector antibodies capable of activating oth-
er cytotoxic cells—for example antibodies to
Fc receptors that activate various cytotoxic
cells (18).
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ver staining [C. R. Merril, D. Goldman, S. A.
Sedman, M. H. Ebert, Science 211, 1437 (1981)] a
7.5 percent polyacrylamide gel that had been over-
loaded with the purified F(ab'),.

The differences in adhesiveness of various melanoma
sublines to certain tissues appears to be correlated
with variations in the morphology, motility, and
metastatic potential of the melanoma cells [P. A.
Netland and B. R. Zetter, J. Cell Biol. 101, 720
(1985)]. B16F10 and M1313 differ markedly in
their morphology (B16F10 being more cuboidal
and M1313 spindle-shaped). It is possible that the
difference in their susceptibility to lysis by anti-CD3

(unconjugated) and CTLs might be related to differ-
ences in expression of adhesion molecules, enabling
the CTLs to bind M1313 cells to a greater degree
than B16F10 cells.

L. Shen et al., J. Immunol. 137, 3378 (1986); B.
Karpovsky, J. A. Titus, D. A. Stephany, D. M.
Segal, J. Exp. Med. 160, 1686 (1984).
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The Cellular s»e Gene Product Regulates Junctional
Cell-to-Cell Communication

R. AZARNIA, S. REDDY, T. E. KMIECIK, D. SHALLOWAY,

W. R. LOEWENSTEIN

Overexpression of the cellular s»c gene in NIH 3T3 cells causes reduction of cell-to-cell
transmission of molecules in the 400- to 700-dalton range. This down-regulation of
gap junctional communication correlates with the activity of the gene product, the
protein tyrosine kinase pp60°*", The down-regulation was enhanced by point muta-
tion of Tyr"?’ (a site that is phosphorylated in pp60°*™ and that inhibits kinase
activity) or by substitution of the viral-src for the cellular-src carboxyl-terminal coding

region. Mutation of Tyr*'® (a site phosphorylated upon Tyr
both the down-regulation of communication by Tyr

527 mutation) suppresses

*27 mutation and that by gene

overexpression. The regulation of communication by sr¢c may be important in the
control of embryonic development and cellular growth.

HE CELLULAR $7¢ GENE (C-s7c) (1)
encodes the membrane-bound pro-
tein tyrosine kinase, pp60°®™ (2).
The gene is present in all species and is
highly conserved. Its functions are still un-
known. We have explored the possibility of

Fig. 1. The c-s7c and v-src expression plasmids.
The plasmids contain the chicken c-sre, v-sre,
mutant, and chimeric s7c genes ligated to tran-
scriptional enhancers, promoters, and polyadeny-
lation signals provided by flanking Moloney mu-
rine leukemia virus long terminal repeats (filled
boxes) from the vector pEVX (23). The locations
of Moloney splice donors and first src splice
acceptors are denoted by bent arrows. Coding
regions are indicated by open (c-s7c) or hatched
boxes (v-src), and the locations of the initiating
(ATG) and terminating (TAG) codons are
marked. Only the functionally relevant eukaryotic
regions of the plasmids are shown (11, 20). (A)
pMacsrc, the plasmid used in the experiments on c-
svc overexpression, and the structurally similar v-
sre expression plasmid pMvsrc; (B) pM5HHBS,
the plasmid used for site-directed mutagenesis.

The Tyr — Phe codon exchanges were produced at amino acids 416, 527, or
both, generating plasmids pesrc416, pesre527, and pc416 527 by replacing
the small fragments containing the codons to be exchanged with DNA
fragments containing the appropriate mutations. These mutated plasmids
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a function in junctional communication,
prompted by the finding that this communi-
cation is reduced by polyomavirus middle T
antigen (3). This antigen binds to pp60°=",
enhancing the protein tyrosine kinase activi-
ty of pp60°* (4). We now report that

A
pMcsrc /- umm—" .‘P—D—

junctional communication is reduced when
the level of pp60°™ is elevated by incorpo-
rating c-s7c expression plasmids into mam-
malian cells, and that this action is enhanced
by modifications in the carboxyl-terminal
region of pp60°™°, which increase trans-
forming activity.

Our expression vectors contained the
chicken c-s7c coding sequences ligated to
retroviral long terminal repeats which pro-
vided promoter-enhancer sequences and
polyadenylation sites (Fig. 1). Mouse NIH
3T3 cells were transfected with these plas-
mids, and cell lines were cloned from foci
(suffix foc) or coselected for expression of
Ecogpt (suffix cos) or neo (5). The pp60°*
expression levels were determined from
immunoprecipitates of cells with monoclo-

R. Azarnia and W. R. Loewenstein, Department of
Physiology and Biophysics, University of Miami School
of Medicine, Miami, FL 33136.

S. Reddy, T. E. Kmiecik, D. Shalloway, Department of
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ATG TAG
pMvsrc o o —
B Tyr415 -|;yr527
PMSHHBS — , )
ATG TAG
C
pMRS13 —/J-L—“P—w -
ATG Bgl I TAG
aa431
pMBB4 —/f-—f———‘-;mmw'@q-n-
ATG Bgl I TAG
aa431
PMPBS o Ly —"
' tTaG
ATG Pst 1
aa512

have the same restriction map as pM5HHB5. (C) Plasmids pMRS13 and
pMBB4 are mirror-image chimeric constructions with junctions at site Bgl I
at amino acid (aa) codon 431. pMPBS is similar to pMBB4, except that the
junction is at the Pst I site at amino acid 512.
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