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ABSTRACT 

Antitumor • anti-CD3 bifunctional antibodies (BFAs) affect tumor cell 
lysis by activating and physically linking T-cells and tumor cells. Since 
tumor target antigen expression does not correlate with susceptibility to 
BFA-mediated tumor cytotoxicity, we investigated the role of cell adhesion 
molecules as accessory molecules. In 3 human colon tumor cell lines 
(LS174T, WIDR, and COLO205), recombinant interferon-'}, (rlFN-3,) con- 
sistently increased BFA-mediated tumor cell lysis by cultured peripheral 
blood lymphocytes and consistently increased tumor cell expression of 
intercellular adhesion molecule-1 (ICAM-1). Using cell conjugation as- 
says, we demonstrated that ICAM-1 and lymphocyte function-associated 
antigen-1 (LFA-1) interactions were important for effector-to-target cell 
conjugate formation and demonstrated that tumor cell pretreatment with 
rIFN-'y enhanced cell conjugate formation. Whereas anti-LFA-1 blocked 
all BFA-mediated tumor lysis and conjugate formation, anti-ICAM-1 
blocked only the enhancing effects of rIFN-v for both cytolysis and con- 
jugate formation. Although BFAs were shown to provide effector-to-target 
call bridging, LFA-1 was found to be a common critical element required 
for BFA-mediated cell conjugation and lysis. ICAM-1, which was aug- 
mented by rIFN-'y, appears to be only one of several ligands interacting 
with LFA-1. These results provide one explanation as to why high expres- 
sion of tumor-associated antigen alone does not predict the susceptibility 
to BFA-mediated lysis and provides further support for the concept of 
combined modality immune therapies. 

I N T R O D U C T I O N  

Cytotoxic T-cells can be recruited in large numbers to lyse target 
cells using anti-target x anti-CD3 BFAs 3 (1, 2). Anti-tumor X anti- 
CD3 BFAs affect tumor cell lysis by activating T-cells, through stimu- 
lation of the T-cell receptor-CD3 complex and by promoting T-cell- 
to-tumor cell conjugate formation (3). Anti-tumor X anti-CD3 BFAs 
redirect cultured human PBLs to lyse a variety of fresh and cultured 
human tumor targets (4--6). While efficacy of BFAs would be ex- 
pected to be critically dependent on the degree of tumor target antigen 
expression, several studies have reported a lack of correlation between 
antigen expression and susceptibility to BFA-mediated lysis (4, 7). 
The lack of correlation between antigen expression and BFA-mediated 
lysis suggests that accessory molecules may be involved in BFA- 
mediated cytotoxicity. 

One group of accessory molecules implicated for their role in 
cell-to-cell contact dependent immune functions are the CAMs (8). 
Cell adhesion molecules, which are present on a variety of lymphoid, 

Received 4/22/93; accepted 7/22/93. 
The costs of publication of this article were defrayed in part by the payment of page 

charges. This article must therefore be hereby marked advertisement in accordance with 
18 U.S.C. Section 1734 solely to indicate this fact. 

1 p. S. R. was supported by the 1991 James Ewing Foundation Research Scholarship 
awarded by the Society of Surgical Oncology. 

2 To whom requests for reprints should be addressed, at Department of Surgery (E6A), 
Mayo Clinic, 200 1st Street S.W., Rochester, MN 55905. 

3 The abbreviations used are: BFA, bifunctional antibody; CAM, cell adhesion mol- 
ecule; MHC, major histocompatibility complex; ICAM, intercellular adhesion molecule; 
LFA, lymphocyte function-associated antigen; mAb, monoclonal antibody; ELAM, endo- 
thelial-leukocyte adhesion molecule; VCAM, vascular cell adhesion molecule; rlFN-T, 
recombinant interferon-T; rTNF-a, recombinant tumor necrosis factor-a; LAK, lympho- 
lone-activated killer; rlL, recombinant interleulon; CM, complete medium; PBL, periph- 
eral blood lymphocyte; HBSS, Hanks' balanced salt solution; BSA, bovine serum albu- 
min. 

endothelial, epithelial, and tumor cells (9-11), are important for sev- 
eral adhesion-dependent immune functions (12, 13). Interactions be- 
tween ICAM-1 on antigen presenting cells, and LFA-1 on T-cells, 
provide a costimulatory signal that facilitates TCR/CD3 receptor- 
mediated T-cell activation (14, 15). T-cell-mediated lysis (16), mixed 
lymphocyte culture reactions (17), and T-cell proliferative responses 
to mitogens (13) can all be inhibited by antibodies blocking ICAM-1 
and LFA-1. CAMs are important for many T-cell functions, but their 
significance in BFA-mediated lysis is poorly understood. 

Since BFAs theoretically provide a linking mechanism for tumor 
cell-to-T-cell conjugation, it might be anticipated that CAMs are not 
critical for BFA-mediated lysis. Recent studies, in fact, suggest that 
CAM expression is important in BFA-directed LAK cell cytotoxicity 
and that CAM expression and lysis can be augmented by cytokines 
(18). Since modulation of tumor cell CAM expression may enhance 
the antitumor effects of BFA-mediated therapies, we evaluated the 
effects of cytokine-induced CAM expression on BFA-mediated tumor 
cell lysis and investigated the mechanism through which tumor cell 
CAMs influence tumor cell lysis. 

MATERIALS AND METHODS 

Monoclonal Antibodies. Human CAMs were detected using the following 
murine mAbs: anti-CD54 (IgG1; GenTrak, Inc., Plymouth Meeting, PA) rec- 
ognizing ICAM-1 (19), and anti-ELAM-1 and anti-VCAM-1 (both IgG1; R&D 
Systems, Minneapolis, MN) recognizing ELAM-1 (20) and VCAM-1 (21), 
respectively. MHM-24, an IgG1 mAb purified from ascites by protein A 
affinity chromatography, binds the c~-chain specific to LFA-1, the receptor 
ligand for ICAM-1 (22). W6/32, an IgG1 mAb, was purified from ascites by 
protein A affinity chromatography, and was used to detect class I MHC (23). 
Anti-HLADR, an IgG1 (Dako, Inc., Glostrup, Denmark), was used to detect 
class II MHC antigens (24). 317G5 (a gift from Dr. David Ring, Cetus Corp., 
EmeryviUe, CA) is an IgG1 mAb that reacts with an antigenic determinant 
found primarily on cancers of the ovary, colon and rectum, and breast (25). 
OKT3 (generously provided by Ortho Pharmaceutical Co., Raritan, NJ), an 
lgG2a mAb, was used to detect the CD3/T-cell receptor complex found on 
T-lymphocytes (26). MOPC-21 (Cappel Laboratories, Malvern, PA), an IgG1 
myeloma protein with no known human tissue reactivity, served as an isotype 
control (27). 

Cytokines. Recombinant human cytokines were used for all cytokine in- 
duction studies and were generously provided by the following companies: 
rlFN-7 (3 x 107 units/mg) from the Genentech Corp., San Francisco, CA; 
rTNF-a (2.5 X 107 units/mg) from the Cetus Corp., Emeryville, CA; rlL-la (1 
X 108 units/mg) and rIL-4 (5 X 107 units/mg) from the Immunex Corp., 
Seattle, WA; and rlL-2 (1.6 x 107 units/mg) from the Hoffman LaRoche Corp., 
Nutley, NJ. All cytokine dilutions were prepared in HBSS (Gibco Laboratories, 
Grand Island, NY) supplemented with 1% BSA (Sigma Chemical Co., St. 
Louis, MO). 

Human Tumor Cell Lines and Fresh Tumor Isolates. All human colon 
carcinoma cell lines, LS174T (gift from the NeoRx Corp., Seattle, WA), 
WIDR, and COLO205 (American Type Culture Collection, Rockville, MD), 
were maintained in vitro as an adherent monolayer in CM consisting of RPMI 
1640 (Gibco) supplemented with 10% heat inactivated fetal bovine serum 
(Gibco), 60/xg/ml penicillin G, 135/xg/ml streptomycin, and 2 mM L-glutamine 
(all from Sigma). 

Colon cancer specimens from the Department of Surgical Pathology (Mayo 
Clinic, Rochester, MN) were processed as described previously (4, 5). Briefly, 
tumor specimens were trimmed free of non-tumor tissue, minced into pieces 
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<1 mm 3, and chemically digested in a solution of RPMI 1640 containing 14 
mg/ml collagenase type I and 1 mg/ml DNase (Sigma) for 90 min in a 37~ 
shaker bath. Washed digests were reincubated in a 0.05% trypsin-EDTA solu- 
tion (Gibco) for 10 min at 37~ rewashed, and resuspended in media. Tumor 
isolates were cryopreserved using a solution of RPMI 1640 supplemented with 
10% heat inactivated fetal bovine serum and 10% dimethyl sulfoxide (Ameri- 
can Type Culture Collection) (4). Before experimentation, fresh frozen tumor 
isolates were thawed, washed, and cultured at 37~ in CM for 24 h, with either 
cytokine or saline added for an additional 24 h. Cultured fresh tumor cells were 
harvested and centrifuged for 20 min at 40 • g through a discontinuous 
gradient of 10 and 20% Percoll (Sigma), and lymphocyte separation medium 
(Organon Technika Corp., Durham, NC) (4). Tumor cells (>70% by cytology) 
collected from the Percoll-LSM interface were tested for viability and tumor 
content. 

Flow Cytometry. Aliquots of 106 cells were washed with HBSS supple- 
mented with 1% BSA and 0.02% sodium azide (Sigma) and incubated for 30 
min at 4~ with 0.5/~g primary mAb. After washing, cells were incubated with 
fluoresceinated goat anti-mouse secondary antibody reagent (Cappel Labora- 
tories, Malvern, PA), washed, and suspended in HBSS buffer supplemented 
with 0.5 p,g/ml propridium iodine (Sigma). Cell fluorescence was quantitated 
using a FACS IV flow cytometer (Becton Dickinson, Mountain View, CA). 
Propidium iodide-stained dead cells were deleted from analysis. 

Heteroconjugation. Anti-tumor • anti-CD3 bifunctional antibodies were 
prepared by covalently cross-linking 317G5 to OKT3 using N-succinimidyl- 
3-(2-pyridyldithiol) proprionate (Pierce Chemical Co., Rockford, IL), as de- 
scribed previously (4, 6, 28). Conjugated antibodies (300--600 Kd) were sepa- 
rated from mAbs using 2 in series Sephacryl S-300 size exclusion columns 
(Pharmacia, Uppsala, Sweden). Purity was confirmed by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis. 

Cytotoxicity Assays. Cytotoxicity was measured using 4-h chromium re- 
lease assays (4, 6). Briefly, PBLs were isolated from buffy coat fractions of 
donor blood (Mayo Clinic Blood Bank, Rochester, MN) using a discontinuous 
gradient of lymphocyte separation medium (400 • g; Organon Teknika). PBLs 
were cultured at 37~ for 5-7 days in AIM-V medium (Gibco) supplemented 
with 100 units/ml rIL-2 and 0.4/xg/ml OKT3.51Cr-labeled tumor cells (4 • 
103 cells/well) were combined in 96-well plates with PBLs at 3 effector:target 
ratios (25:1, 12.5:1, and 6.25:1) and incubated with either media or test anti- 
bodies for 4 h at 37~ Spontaneous release (incubation of targets with media 
alone) was less than or equal to 20% of maximum release (incubation of targets 
with 5% Triton-100 detergent; Sigma) in all reported assays. Triplicate data 
points were averaged and reported according to the following formula: 

[(cpm test)- (cpm spontaneous)] 
% specific cytotoxicity : [(cpm maximum) - (cpm spontaneous)] " 

Effector Cell-Target Cell Conjugate Assay. PBL-tumor cell conjugate 
formation was quantitated by flow cytometry using a double internal fluores- 
cent stain technique (29). Cultured PBLs (2 • 106 cells/ml) were incubated 1 
h at 37~ in CM supplemented with 40 /xg/ml hydroethidine (Polysciences, 
Inc., Warring, PA). Target tumor cells (2 • 106 cells/ml) were incubated 1 h at 
37~ in CM supplemented with 100/xM sulfo-fluorescein diacetate (Molecular 
Probes, Junction City, OR). Labeled cells were washed and resuspended at 4 
• 106 cells/ml in cold CM, and conjugate formation was promoted by incu- 
bating 105 PBLs with 105 tumor cells at 37~ for 10 min, with or without test 
antibodies. Cells were gently suspended in 1% HBSS/BSA (4~ and imme- 
diately analyzed by flow cytometry. 

Conjugate formation was measured using a Becton Dickinson FACStar Plus 
System, with an argon laser excitation source at 488 nm. Emissions were split 
and filtered to include 515-545 nm as the green (sulfo-fluorescein diacetate) 
signal (band pass 530/30 filter) and wavelengths greater than 620 nm as the red 
(hydroethidine) signal (long pass 620 filter). 

RESULTS 

Enhancement  of  Bifunctional Antibody-mediated Lysis by 
IFN-3,. The effect of rIFN-7 on bifunctional antibody-mediated tu- 
mor cell lysis was tested using 3 human colon tumor cell lines, 
COLO205, LS174T, and WIDR. Tumor cells in culture were exposed 
to 1000 units/ml of rIFN-y for 24 h before performing 4-h chromium 
release assays with cultured human PBLs as effector cells (Fig. 1). In 
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Fig. 1. Enhancement of 317G5 x OKT3 bifunctional antibody-mediated tumor cell 
lysis using rIFN-3,. Established cultures of colon carcinoma cell lines, LS174T, WIDR, 
and COLO205, were treated for 24 h with media alone (1) or with media supplemented 
with 1000 units/ml of rIFN-y (m). 51Cr-radiolabeled tumor cells were combined with 
cultured rIL-2 and OKT3 activated human PBLs, treated with 317G5 • OKT3 BFA (0.18 
~g/ml), and incubated for 4 h. Triplicate data points were collected, radioactivity mea- 
sured, and average percent specific lysis (+- SD) reported at the effector:target ratio of 
25:1. 

each cell line, short exposure to rIFN-',/consistently and reproducibly 
enhanced cytolysis in the presence of anti-tumor • anti-CD3 BFA. 
For each cell line, the baseline nonspecific lysis (Fig. 1) and lysis in 
the presence of the anti-tumor mAb, 317G5, or the anti-CD3 mAb, 
OKT3, generally decreased after r lFN-7 exposure (data not shown). 

Cytokine Induction of Cell Adhesion Molecule Expression. 
Baseline expression of CAMs was tested for 3 colon cancer cell lines 
and 4 fresh colon tumor isolates using flow cytometric analysis. 
LS174T and COLO205 were low expressors of ICAM-1, with less 
than 4% of cells stained positive compared to the control antibody 
group. WIDR always expressed moderate to high levels of ICAM-1, 

with an average of 48% positive cells. Two of the fresh colon tumor 
isolates were less than 2% positive, and 2 expressed between 8 and 
14% positive when compared to controls. In both the tumor cell lines 
and fresh tumor cell isolates, ELAM-1 was never expressed in greater 
than 7% of the cell population. VCAM-1 was also rarely expressed 
and was less than 2% positive in all groups except for one of the fresh 
isolates, where 17% of cells were positive. All 3 tumor cell lines 
expressed high levels (->96% positive) of tumor antigen, as detected 
by 317G5 mAb. Similarly, class I MHC (W6/32) was expressed in 
over 96% of cells in all 3 tumors, but class II MHC was expressed in 
only 1% of tumor cells. The induction of CAM expression on both 
tumor cell lines and fresh tumor isolates was tested on cells exposed 
to overnight incubation with cytokines. A dramatic increase in percent 
of cells staining positive for ICAM-1 was noted following incubations 
with r lFN-7 (Fig. 2). Moderate increases of ICAM-1 levels were 
noted following incubations with rTNF-ot and r l L - l a  (Fig. 2). Rela- 
tive fluorescent intensity was also investigated by converting the peak 
channel values from logarithmic scale to linear values. Relative fluo- 
rescent intensity was enhanced by r lFN-y in all cell lines, and all 
tested cytokines enhanced the intensity in the WlDR cell line (Table 
1). When fresh tumor isolates were incubated with 1000 units/ml of 
rlFN-% there was no effect on ICAM-1 levels, however, these data 
were difficult to interpret due to the reduction in viability noted when 
these cells were maintained in culture. 

To further characterize the effects of cytokines on ICAM-1 expres- 
sion, dose response and kinetic studies were performed. Incubation of 
COLO205 with 500 units/ml of r lFN-y generated an increase in 

ICAM-1 expression as early as 4 h, with maximum expression within 
12 h following r lFN-y exposure (Fig. 3A). Escalating doses of r lFN-y 
demonstrated a clear dose response with increases of ICAM-1 noted 
with as little as 1 unit/ml and maximal responses noted with 100 
units/ml (Fig. 3B). Similar dose response and kinetic results were 
noted for LS174T and WlDR. Greater than 90% of LS174T cells were 
positive for ICAM-1 within 24 h of exposure to 1 unit/ml rlFN-y. 
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formation using dual f luorescent  flow cytometr ic  analysis. Represen- 

tative data for COLO205 are illustrated in Fig. 6. In the absence of  

cytokines or antibodies, 1.8% of  the COLO205 cells formed conju- 

gates. Preincubation of  COLO205 tumor cells with 500 units/ml of  

rIFN-'y increased the number  of  conjugates to 4.4%. The addition of  

anti-ICAM-1 mAb to the incubation wells decreased cell conjugation 

for the rIFN-3,-treated tumor cells (1.2%), but had no effect on the 

baseline conjugation in untreated cells (1.8%). Anti-LFA-1 had no 

Fig. 2. Cytokine-induced expression of ICAM-1 on colon cancer cell lines. Cultures of 
LS174T, WlDR, and COLO205 were treated for 24 h with media alone or with media 
supplemented with 1000 units/ml of either rlFN-), (1), rTNF-a (1), or 500 units/ml 
rlL-la (IS]) for 24 h. Harvested cells were incubated with either anti-ICAM-1 antibody or 
with control antibody (MOPC-21), followed by fluoresceinated goat anti-mouse IgG, and 
were analyzed by on a FACS IV flow cytometer. Expression of ICAM-1 was compared to 
expression of control antibody for each timepoint and dose and reported as percent 
positive cells above baseline. 

Table 1 Cytokine induction of lCAM-I expression: relative fluorescent intensity a 

COLO205 LS174T WIDR 

rlFN-3, (1000 units/ml) 14.6 26.6 95.3 
rTNF-cz (1000 units/ml) 0.2 0.6 50.6 
rlL-lot (500 units/ml) 0.1 0.0 17.3 

a Cytometric analyses were measured on a logarithmic scale and peak channel values 
converted to linear values to calculate the relative fluorescence intensity. Relative fluo- 
rescent intensity was calculated as the difference in linear peak channels between cyto- 
kine-treated and control cells divided by control cell values. 

HOURS 

M a x i m u m  ICAM-1 expression was noted for W I D R  within 8 h of  

exposure to 1-5 units/ml rlL-lo~ or rTNF-a .  

Cytokines did not significantly alter the expression o f  ELAM-1  or 

VCAM-1.  Only one minor  increase of  11% was noted in VCAM-1 for 

W l D R  cells exposed to rTNF-ot. Interleukin-4 was also tested, but 

despite concentrat ions of  500 units/ml, there were no noted effects on 

ICAM-1,  ELAM-1,  or VCAM-1.  

Role of  I C A M . 1  a n d  L F A - I  in BFA-mediated Cytotoxicity. The 

role of  cell adhesion molecules  in BFA-mediated cytotoxicity was 

tested using blocking antibodies specific for ICAM-1 and LFA-1. 

Tumor  cell lines were  cultured with media  alone or with media  

supplemented with 500 units/ml of  rlFN-'y for 24 h and then tested 

with cultured PBLs in 4-h chromium release assays. Representat ive 

results for COLO205 are shown in Fig. 4. Al though nonspecif ic  lysis 

in the media  alone group decreased fol lowing r lFN-7  exposure, lysis 

in the 317G5 • OKT3 groups significantly increased fol lowing 

rlFN-3, exposure. The addition of  anti-ICAM-1 or anti-LFA-1 to the 

wells decreased both nonspecif ic  lysis and lysis mediated by 317G5 

• OKT3. The effect of  blocking LFA-1 was greater than the effect 

f rom blocking ICAM-1,  both in r lFN-7-treated and untreated groups. 

Similar blocking effects were  noted for LS174T and WIDR, where  

anti-ICAM-1 blocked all BFA-mediated lysis induced by r lFN- ' , /and 

anti-LFA-1 blocked all BFA-mediated lysis in both untreated and 

r lFN-7-treated cells. Subsequent  investigations demonstrated that the 

percent  inhibition of  BFA-mediated cytolysis was dose dependent  

for both ICAM-1 and LFA-1 (Fig. 5). To confirm the specificity o f  

lysis inhibition, we tested the blocking effects of  antibodies directed 

against class I and II M H C  and against ELAM-1 and VCAM-1.  De- 

spite testing high concentrat ions o f  W6/32, there was no consistent 

inhibition of  BFA-mediated lysis, for either r lFN-7-treated or un- 

treated cells (Fig. 5). High concentrat ions of  ant i -HLADR, anti- 

ELAM-1,  or ant i -VCAM-1 mAbs  had no effect on lysis of  

COLO205 (data not shown).  

Role of Cell Adhesion Molecules in BFA-mediated Cell Conju- 
gation. Human  PBLs cultured 5 to 7 days in rlL-2 and OKT3, and 

COLO205 tumor cells were  coincubated and tested for conjugate 
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Fig. 3. Dose-response and kinetics of rlFN-3,-mediated induction of ICAM-1 on tumor 
line COLO205. A, Kinetic studies were performed by culturing COLO205 cells with 500 
units/ml for multiple timepoints. B, Dose-response studies were performed by incubating 
COLO205 for 24 h in media supplemented with multiple doses of rlFN-3,. Harvested cells 
were incubated with either anti-ICAM-1 antibody or control antibody (MOPC-21) fol- 
lowed by secondary fluoresceinated goat anti-mouse IgG, and were analyzed on a FACS 
IV flow cytometer. Expression of ICAM-1 is reported as percent cells positive. 

Fig. 4. 317G5 • OKT3 bifunctional antibody-mediated cytotoxicity of control and 
rIFN-3,-treated COLO205. Established cultures of COLO205 were treated for 24 h with 
media alone (11) or with media supplemented with 500 units/ml of rIFN-3, (R). 51Cr- 
radiolabeled tumor cells were combined with cultured rIL-2 and OKT3 activated human 
PBLs and incubated with either media, anti-ICAM-1 mAb (4.2/~g/ml), anti-LFA-1 mAb 
(4.2/~g/ml), 317G5 • OKT3 bifunctional antibody (0.17/xg/ml), 317G5 X OKT3 plus 
anti-ICAM-1 mAb, or 317G5 X OKT3 plus anti-LFA-1 mAb. Triplicate data points were 
collected, radioactivity measured, and average percent specific lysis (+- SD) reported at 
the effector:target ratio of 25:1. 
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Fig. 5. Inhibition of 317G5 x OKT3 bifunctional antibody-mediated cytotoxicity by 
coincubation with anti-LFA-1 or anti-ICAM-1 mAb. COLO205 cell cultures were treated 
for 24 h with media alone or with media supplemented with 500 units/ml of rlFN-3,. 
Radiolabeled tumor cells were combined with cultured rlL-2 and OKT3 activated human 
PBLs, and treated with 317G5 x OKT3 combined with either media alone, anti-LFA-1 
(!), anti-ICAM-1 (&), or anti-class I MHC (W6/32) (e) for 4 h. Triplicate data points 
were collected, and average percent specific lysis calculated. Percent inhibition of 317G5 
X OKT3-mediated specific cytotoxicity reported here at the effector:target ratio of 25:1. 

effect on baseline conjugate formation in untreated cells (1.8%), but 
decreased conjugation in r lFN-y cells (4.4% to 1.1%). The addition of 
317G5 X OKT3 enhanced conjugate formation in both the untreated 
group (4.8%) and the rlFN-y-treated group (12.2%). Anti-ICAM-1 
mAb dramatically decreased 317G5 X OKT3-mediated conjugation 

in rlFN-~/-treated cells (12.2% to 4.7%), with less effect on untreated 
cells (4.8% to 2.7%) (Fig. 6). The effects of anti-LFA-1 were more 
pronounced for cells coincubated with 317G5 x OKT3, with a de- 
crease from 12.2% to 1.7% in rlFN-y-treated cells and a decrease 
from 4.8% to 2.4% in untreated (Fig. 6). The addition of W6/32, 

anti-HLADR, anti-ELAM-1, or anti-VCAM-1, had no effect on cell 
conjugate formation. A similar effect was seen with WIDR, for which 
exposure to r lFN-y resulted in increased conjugate formation in the 
presence of BFA, which was blocked by the addition of anti-LFA-1 
and anti-ICAM-1 (data not shown). 

DISCUSSION 

We have described the importance of cell adhesion molecules in 
the lysis of human tumor targets using lymphocytes retargeted with 

anti-tumor • anti-CD3 bifunctional antibodies. Initial studies con- 

firmed that in 3 human colon cancer cell lines, exposure to r lFN-y 

increased tumor lysis in the presence of cultured, activated lympho- 

cytes and BFAs. Tumor cell treatment with r lFN-y did not increase 

nonspecific lysis or lysis in the presence of anti-tumor or anti-CD3 

mAbs, suggesting that the cytokine effects were not due to contribu- 

tions from NK or LAK cells or due to antibody-dependent cell- 

mediated cytotoxicity. Although the biological actions of IFN-7 are 

many and diverse, those most likely to promote target cell lysis are 

related to the ability of r lFN-y to modulate expression of cell surface 

molecules, including class I and II MHC antigens (30, 31), tumor as- 

sociated antigens (32-34), and CAMs (35, 36). The effects of IFN-7 

on MHC antigens are not important in lysis mediated by BFAs, since 

BFAs are dependent on anti-CD3 antibody for T-cell activation and 

on anti-tumor antibody for target cell specificity (1). Although IFN-7 

modulation of tumor antigen expression may be important in some 

tumor systems, no consistent relationship between tumor antigen ex- 

pression and BFA susceptibility has been identified (4, 7). Since the 

effects of IFN-y are likely not related to MHC or tumor associated 

antigens expression, the effects of rlFN- 7 on CAMs were invest- 

igated. 

In the next series of studies, we investigated the baseline and 

cytokine-induced expression of CAMs. We tested several cytokines 

previously shown to have effects on CAM expression, including 

rTNF-o4 r lL- l~ ,  and rlFN- 7 (35, 36), and found that the only signifi- 

cant CAM increase in all 3 cell lines was of ICAM-1, resulting from 

rlFN- 7 exposure. In a time- and dose-dependent manner, r lFN-y 

increased both the number of cells expressing ICAM-1 and the rela- 

tive fluorescent intensity of ICAM-1 expression. 
Results from the cytotoxicity and flow cytometry studies demon- 

strated that all 3 cell lines expressed high levels of tumor antigen, but 

that not all 3 cell lines were equally lysed by PBLs armed with BFAs. 

These findings suggested that other factors were involved. Conve- 
niently, the same studies demonstrated that baseline and cytokine- 
induced tumor cell expression of ICAM-1 correlated with suscepti- 

bility to BFA-mediated lysis. 

The role of tumor cell expression of ICAM-1 and other cell surface 
molecules in BFA-mediated lysis was directly tested in cytotoxicity 

studies. We confirmed that class I and II MHC antigens, ELAM-1 and 

VCAM-1, were not crucial for BFA-mediated lysis by demonstrating 
that respective antibodies did not block BFA-mediated lysis. The role 

of ICAM-1 was confirmed by demonstrating that the enhanced cyto- 

Fig. 6. Inhibition of BFA-mediated and rlFN- 7- 
enhanced cell conjugate formation using anti- 
ICAM-1 and anti-LFA-1. COLO205 tumor cells cul- 
tured with or without 500 units/ml of rlFN-y for 24 
h were labeled with sulfo-fluorescein diacetate 
(green), and human PBLs cultured 7 days in rlL-2 
and OKT3 were labeled with hydroethidine (red); 
105 labeled tumor cells and PBLs were coincubated 
without antibody, or with 317G5 • OKT3 (0.2/xg), 
317G5 X OKT3 plus anti-LFA-1 (1 /~g), or 317G5 
x OKT3 plus anti-ICAM-1 (1 ~g). Each plot depicts 
a minimum of 10,000 cells analyzed by flow cytom- 
etry. 
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toxicity produced by exposure to rlFN--,/ was blocked in a dose- 
dependent manner by antibodies specific for ICAM-1. Whereas anti- 
ICAM-1 blocked the additional lysis gained by tumor cell exposure to 
rIFN-~, it did not block lysis of untreated tumor cells. This is what 
would be anticipated based on the fact that tumor cells not exposed to 
rlFN-7 expressed only low levels of ICAM-1. Anti-LFA-1, in contrast 
to ICAM-1, in a dose-dependent manner blocked virtually all BFA- 
mediated lysis for both rIFN-7-treated and untreated tumors. 

1. 
The fact that anti-LFA-1 effectively blocked all BFA-mediated lysis 

and that anti-ICAM-1 only blocked rIFN-7-induced BFA-lysis sug- 2. 
gests that LFA-1 is a common critical element required for BFA- 
mediated lysis, whereas ICAM-1 may be only one of several ligands 
interacting with LFA-1. Additional candidate ligands for LFA-1 in- 3. 
clude ICAM-2 and ICAM-3 (37, 38). Recent reports on ICAM-2 
suggest that although both ICAM-1 and ICAM-2 are ligands for 4. 
LFA-1, they differ considerably in tissue distribution and response to 
cytokine exposure, with ICAM-2, unlike ICAM-1, negligibly induced 5. 
by cytokines (9, 37, 39). Since ICAM-2 is expressed on some tumor 
cells and it has a defined role in lysis of the tumor cells by LAK cells 

6. (40), it is likely that future studies will demonstrate a similar role for 
ICAM-2 in BFA-mediated lysis. 

7. Although the importance of ICAM-1 in effector cell:target cell 
conjugation and subsequent cytolysis has been established for T-cell- 
mediated cytotoxicity (16), it is not clear whether the same mecha- 8. 
nism is important in BFA-mediated lysis. Since BFAs alone can pro- 9. 
mote effector cell:tumor cell conjugation (3), it was anticipated that 
CAMs would be less important in lysis accomplished by BFA-armed 10. 
T-cells. In these studies, we confirmed that BFAs enhance effector 
cell:target cell conjugate formation, but we also found that conjugate 
formation could be further enhanced by rIFN-7 pretreatment. Anti- 11. 
body blocking studies verified the importance of ICAM-1 and LFA-1. 
ICAM-1 blocking antibodies eliminated the enhanced conjugate for- 12. 
mation induced by rIFN-"/, but did not interfere with conjugate for- 
mation promoted by BFAs alone. Just as was true for the BFA- 

13. 
mediated cytotoxicity, cell conjugate blocking was complete with 
anti-LFA-1. No blocking of conjugate formation was noted with anti- 

14, 
ELAM-1 anti-VCAM-1, W6/32, or anti-HLADR mAbs. These studies 
show that although BFAs provide a bridging mechanism for target and 
effector cells, BFA-mediated lysis requires a CAM dependent cell 15. 
contact mechanism. 

In our limited investigations of fresh colon tumor cell isolates, we 16. 
noted that CAMs were poorly expressed. Other investigators have 
found similar results in neuroblastoma specimens, using immunohis- 
tochemical studies testing for the presence of ICAM-1 (41). The fact 17. 
that human tumors in situ can be low expressors of CAMs suggests 
that measures to enhance CAM expression may augment cellular 18. 
therapies. 

In summary, we have demonstrated that cell adhesion molecules are 
19. 

essential for BFA-mediated cell conjugation and cytotoxicity. We have 
shown that rIFN- 7 enhances tumor target cell lysis, and that this 
correlates with enhanced ICAM-1 expression. Enhanced ICAM-1 ex- 20. 
pression promotes effector cell:tumor cell conjugate formation that 
allows for increased tumor cell lysis. Although BFAs also provide a 21. 
bridging mechanism for effector:tumor cell conjugation, these inter- 
actions were disrupted with antibodies specific for LFA-1. These 
results support that LFA-1 is a common critical element required for 22. 

BFA-mediated cell conjugation and tumor target lysis, and likely 
explain why high tumor-associated antigen expression alone does not 23. 
predict BFA-mediated lysis. That cytokines can augment tumor cell- 
to-effector cell conjugate formation and enhance BFA-mediated tumor 
lysis provide further support for combined modality immune thera- 24. 
pies. 25. 
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