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Introduction

While much has been learned in the past decade about T-cell subsets and their
effector functions, the structure and mechanism of action of the molecules which
participate in specific immune cellular funictions remain largely unknown. Antigen-
specific cytolytic T lymphocytes (CTL) are assayed by their ability to kill target cells
and provide one of the simplest systems for studying cell-mediated immunity. Only
two cells are involved, the CTL effector and the target, and the endpoint of release of
radioisotopically tagged molecules from lysed target cells can be measured after a
short time period of 2-4 h. Nonetheless, CTL-mediated killing is a complicated,
multistep process. It involves crawling to reach the target or surface motility during
target engagement, specific antigen recognition, adhesion, lethal-hit triggering, and
delivery of the lethal hit (reviewed in refs. 1-3). Therefore, it is likely that a number
of different surface structures participate in the CTL functional pathway. It would be
of great interest to isolate and study these molecules. Therefore, we have explored
the use of monoclonal antibodies (MAb) as probes for surface molecules of critical
importance in CTL-mediated lysis of tumor cells.

Methods

The work reviewed here is being published in a more detailed form elsewhere [*].
Briefly, spleen cells from rats immunized to mouse cytolytic T lymphocytes were
fused to NSI myeloma cells. Using the indirect binding assay, hybrid cells secreting
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antibodies binding preferentially to T lymphocytes were selected for cloning and.
further analysis. Methods were as previously described ["9]-

Results

A panel of MAb, almost all of which reacted with antigens expressed on the surfaces
of activated T cells, was tested for the blocking of CTL function in the absence of
complement (Fig. 1). The idea was that a MAD binding to a structure involved in
CTL-mediated lysis should cause either steric hindrance or removal of the structure
from the cell surface, thereby inhibiting killing. On the other hand, binding toa CTL
surface structure which does not participate in the Killing pathway should have no
effect. To select MAb which blocked by binding to the effector cell rather than the
target cell, a xenogeneic mouse CTL anti-rat tumor target cell system was utilized for
screening (MAb and target cells from same species).

These experiments suggested that the majority of CTL surface antigens do not
participate in killing. MAD to Thy-1, Ly 6, H-2, Lyt-1, Ly 5, an antigen apparently
identical to Lgp100[°], and previously undescribed polypeptides of M = 115,000,
140,000 and 250,000, 60,000 and 46,000 had little or no effect on CTL function
(Fig. 1). Antisera to some of these and other antigens have also previously been
shown not to block (reviewed in ref. 1).

In contrast, two other antigens do appear to participate in CTL-mediated killing.
Antibodies to the first antigen, the Lyt-2,3 complex, have previously been reported
to block allogeneic CTL-mediated lysis['®-'5], and we confirmed this in our xenoge-
neic system (Fig. 1). The 53.6 and MS5/24 anti-Lyt-2,3 MAb gave 90 % and 40 %
inhibition of killing, respectively (Fig. 1). We confirmed that the Lyt-2,3 antigen

Fig. 1. Effects of monoclonal antibodies on C57BL/6 anti-BN lymphoma CTL-mediated killing.
Effector cells were pretreated with an equal volume of dialyzed hybridoma culture supernatant for 30 min
at 20°C. then 3'Cr-labeled BN lymphoma cells were added, and the assay carried out as described
prcviously[']. Percent inhibition of corrected 3'Cr release is expressed relative to cultures treated with
dialyzed NSI culture supernatant. MAb are grouped according to criteria used for isolation or their source.
A) Selected for ratio > 4 of indirect binding to C57BL/6 Con A blasts vs. nu/nu BALB/c spleen; 2 clones
later proved to be allospecific rather than T cell-specific. B) Immunoprecipitation of interesting 2] fa-
belled polypeptides. C) Lysis of P815 and EL-4 tumors. D) Previously characterized MAb[S] reactive
with both B and T cells. E) Lyt-1 and Lyt-2 MAb described by Ledbetter and Hcrzcnberg[‘;]. a:
Determined by double immunodiffusion as previously dcscribcd[*f]. b: Ratio of '>I-labelled rabbit
anti-rat 1gG bound in the indirect binding assay to MAb-coated target cells (C37BL/6 Con A splenoblasts)/
(nu/nu BALB/c splenocytes). ¢: Molccular weight estimated by immunoprecipitation of lactoperoxidase
125(_[abelled CSTBLI6 Con A splenoblasts followed by reduction and SDS-PAGE. d: Inhibition of
specific S1Cr release from BN rat lymphoma target cells. e : Found to recognize an allospeciticity present
on CS7BL/6 and absent on BALB/c mouse splenocytes. f: Springer[?]. g: Omary et al.['"]; Siadak and
Nowinski[*]; Kiirzinger et al.[%]. h: Ledbetter and Herzenberg [*].
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defined by these MADb is expressed as polypeptide chains of M = 30,000-35,000 g

(Fig. 2, lane 7) on 11 % of spleen cells, as previously described [*'¢].

The M7/ 14 antibody, defining the second antigen, consistently gave an average of
90 % inhibition of cell-mediated lysis in 17 different experiments (Fig. 1). Blockade
by M7/14 MADb is produced both by antibody in culture supernatants and by Ig
purified to homogeneity, and is extremely potent, occurring at concentrations as low
as 600 ng antibody/ml. The M7/14 MAb recognizes an antigen containing polypep-
tide chains of M_= 180,000 and 95,000 (Fig. 2). This distinguishes it from other

a CTL b. ConABlasts

Fig. 2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of LFA-1, Ly-5, and
Lyt-2.3 immunoprecipitated by MAb. Spleen cells from B6 mice primed with BN lymphoma cells and
restimulated in vitro (CTL, a), or B6 spleen cells stimulated with 2 pg/ml of concanavalin 1 for 3
days (Con A blasts, b) were surface labeled with 1251 using lodogen (Pierce Chem.). Cell lysates were
immunoprecipitated with NSI supernatant plus added normal rat IgG as control (lanes 1 and 6), 20 pg of
M7/14 IgG (lanes 2 and 3), or culture supernatants containing the M 1/9.3 anti-Ly-5 (or common leukocyte
antigen) MAD (lane 4), the non-precipitating M7/87 MAb (lane 5), or the anti-Lyt-2.3 M5/24 MAb (lane
7), and addition of rabbit anti-rat 1gG. Reduced samples were subjected to SDS-PAGE in a 5-15%
polyacrylamide gradient gel, and autoradiography. In addition 1o specifically precipitated LFA-1 a and 8
chains, mouse &, 8, and L chains from B cells in the CTL preparation (a) were precipitated by
cross-reaction with rabbit anti-rat lgG. Mouse slg was absent in (b) since the lysate was precleared with

rabbit anti-rat 1gG and anti-mouse 1gG.
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previously described CTL surface components, including Ly-5 [""] (Fig. 2, lane 4),
T145["], and Lyt-2,3 ('] (Fig. 2, lane 7). This novel antigen has been designated
LFA-1 (Ilymphocyte function-associated antigen one). )

The MAb to LFA-1 also inhibits allo- and anti-modified self CTL-mediated
killing, the mixed lymphocyte reaction (MLR), and antigen-specific proliferative
T-cell responses (Table 1). Blockade of CTL function by M7/14 is due to inhibition
of CTL-target conjugate formation (Table 1). The B-cell plaque—forming cell
(p-f.c.) response to NP-Ficoll and mitogenic Tesponse to LPS are unaffected by
M7/14. T-dependent B-cel] p-f.c. responses are inhibited (Table 1). In contrast to
anti-LFA-1, inhibition of T-cell responses is not given by anti-Thy-1 or anti-H-2

TABLE |

Site number and effect on lymphocyte functions of monoclonal antibodies to LFA-1, Thy-1, and H-2

Antigen: LFA-1 Thy-1 H-2
Monoclonal antibody: M7/14 M5/49 or  Mi1/42 or
Ms5/562 M7/212
Sites/positive cell® (x 104)
-_—
Spleen cells 1.5 21 10
Secondary in vitro B6 anti-P815 CTL 7.2 75 18

Inhibition®, (%)

-_—

Xenogeneic B6 anti-BN rat CTL-mediated killing¢ 88 20h 20
Allogeneic B6 anti-P815 CTL-mediated killing 73 -8 ND
Anti-TNP modified-self CT) L-mediated killing4 100 46" ND
Mouse CTL-rat tumor target cell conjugate formation® 84 ND" ND
Allogeneic MLR, B6 anti-BALB/cf 86 0 0
Xenogeneic MLR, B6 anti-(Lewis x BN) ratf 95 0 0
Antigen-specific T cell proliferation " 96 6 ND
T-dependent anti-SRBC plaquc-forming cells® 64 ND 0
T-independent anti-NP- Ficoll plaque-forming cells € 6 ND 12
0 13

B-cell LPS-stimulated blastogenesis f 1
? Results for either antibody, or if available, average for both antibodies.

b Determined by Saturation immunofluorescence flow cytometry and expressed relative to published H-2
site number [21].

€ MAb cultyre Supernatant was present at a final concentration of 5-20% during CTL 4ssays or in vitro

cultures.

¢ Measured by specific SICr release.

¢ Measured by microscopic examination.

" Measured by [*H]thymidine incorporation.

& After in vitro culture.

" Ms/49 agglutinated CTL, while M7/14 produced iiule agglutination.
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MADb of the same subclass which bind to a higher number of sites on the cell surface
(Table 1). This is an important control, because it demonstrates that inhibition is due
to binding to a specific cell surface site (LFA-1) rather than to blanketing of the cell
surface by a large number of antibody molecules.

LFA-1 is a widely distributed leukocyte antigen which s found on B cells, T cells,
and 80 % of nucleated bone marrow cells as shown by immunofluorescent flow
cytometry. Normal splenic T cells express 3-fold more LFA-1 than B cells, and
expression increases relative to H-2 after Con A stimulation or in vitro CTL genera-
tion[°].

Discussion

The M7/14 MAD inhibits a broad range of T cell-functional responses. It inhibits the
formation of adhesions between CTL and target cells. Its presence on B cells suggests
that LFA-1 is not the receptor with which T cells recognize specific antigens. Our
working hypothesis is that LFA-1 participates in a step closely linked to the MHC-
restricted interaction, i.e. recognition by CTL of H-2 on target cells and by T-helper
cells of laon macrophages['?]. The finding that M7/14 MAD binds to B cells but has
no effect on T-independent p.f.c. responses and LPS mitogenesis lends further
support to the idea that M7/14 MAb which do not involve cellular interactions,
blocks crucial interactions between cells.

This study illustrates the usefulness of MAb for probing molecules of functional
importance in intact cells. Two antigens, LFA-1 and Lyt-2, have been suggested by
blocking experiments to participate in the CTL killing pathway- LFA-1 was identi-
fied for the first time here and also appears important for a number of other T
cell-functional responses. In contrast, a large number of other CTL surface antigens
do not appear to be essential participants in CTL-mediated killing. The use of MAbto
define the surface molecules associated with CTL function, as well as their use in
more detailed biochemical and functional experiments, provides a promising means
of analyzing complex T-cell effector functions at the molecular level.
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