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Abstract

The role of major histocompatibility gene products (i.e., HLA
molecules) in rendering tumor cells resistant to natural killer
(NK) cell-mediated lysis was investigated by using mouse
monoclonal antibodies to bind and mask HLA or non-HLA
gene products on the cell membrane of human allogeneic tumor
targets. Enhanced lysis of resistant lymphoid and certain other
solid tumor cell lines was observed only when monoclonals
used reacted to class I and II HLAmolecules but not non-HLA
molecules on tumor targets. Enhanced lysis was not due to
antibody dependent cellular cytotoxicity or due to an effect of
antibody on NK effectors. Of importance, normal autologous
and allogeneic human lymphocytes could not be lysed by NK
cells despite blast transformation with mitogens or masking of
HLAmembrane determinants on blasts with monoclonal anti-
bodies. Enhanced lysis, in the presence of antibody to HLA
antigens, was not due to increased NK cell binding to tumor
targets, but a consequence of enhanced postbinding lysis. Stud-
ies using granules obtained from NK cells indicated that
masking of HLAantigens did not enhance the susceptibility of
tumor targets to cytolysins. Such observations would suggest
that HLA antigens on tumor targets inhibit the triggering of
effector cells (and release of cytolysins) after recognition and
binding of NKcells to target cells.

Introduction

The presence of natural killer (NK)' cells in normal individ-
uals, has led investigators to unravel its normal in vivo signifi-
cance and, in particular, elucidate mechanisms that render
tumor cells susceptible to lysis by such cells. Unlike other
forms of immune-mediated lysis, and hence intriguing, is the
observation that NK-mediated lysis of susceptible tumor tar-
gets will occur in the absence of prior immunization or sensi-
tization (1). It is possible, therefore, that NK mediated lysis
may subserve a more primordial host defense against malig-
nancy as has been suggested (2).
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natural killer cells; SpA, staphylococcal protein A.

Enhanced susceptibility or resistance of tumor cells to NK
mediated lysis cannot be attributed to any structure (or recep-
tor) on the target cell membrane (3). Recent studies would
indicate that lack of major histocompatibility (MHC) antigens,
especially class I antigens, renders certain tumor cells more
susceptible to NK-mediated lysis (4-7). Murine lymphoma
cells when selected for loss of H-2 expression were shown to be
less malignant when compared to the corresponding wild type
control expressing H-2 antigens. Depletion of NK cells from
these mice enhanced malignant potential of the H-2 deficient
variant and subsequent in vitro assays demonstrated that the
H-2 deficient variant and not the wild type was susceptible to
NK lysis (4, 5). Harel-Bellan and her coinvestigators using a
human Epstein Barr virus-transformed B cell line nicely dem-
onstrated in an in vitro system that variants of this cell line,
when perturbed in the expression of class I molecules, was
particularly sensitive to NK lysis (6). However, in both these
studies, there is a possibility, though remote, that susceptibility
to NK-mediated lysis is caused by altered expression of other
nonclass I molecules as a direct result of mutation in the MHC
or as an indirect effect of a reduced class I antigen expression
as has been suggested by Storkus et al. (7).

Other investigators using different murine cell lines, trans-
formed by adenoviruses or chemical mutagens, to alter ex-
pression of class I antigens, have been unable to confirm the
role of class I MHCantigens in protecting against NK-me-
diated lysis (8-1 1). In fact, these investigators found that lack
of class I antigens was associated with resistance to NK cell
killing (8-10).

It is possible that these conflicting observations could have
arisen if the different maneuvers used to alter class I antigen
expression in the different tumor cell lines variably altered
expression of other membrane molecules involved in NKlysis.
After all, NK-mediated lysis is a complex process requiring
recognition, target cell binding, and lysis of target cells as a
result of activating the lytic processes in the effector cells.

In these experiments we used a different approach by uti-
lizing murine monoclonal antibodies to specifically bind and
hence "mask" HLA or non-HLA molecules expressed on
human tumor targets. Wepresent data to confirm previous
observations and show that both class I and II HLAmolecules
are important in maintaining tumor target cell resistance to-
wards NKcytotoxicity especially with regard to lymphoid-de-
rived tumors. Additionally, our studies indicate that with cer-
tain solid tumors, resistance to NK-mediated lysis cannot be
entirely explained on the basis of membrane HLA molecules.

Methods

Cell lines. All cell lines used grow in suspension. Cells were grown in
RPMI 1640 containing 10% fetal calf serum (FCS). The HLAantigen
profile of these cell lines and their cell of origin are depicted in Table I.
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Table L HLA Profile and Cell Origin of Cell Lines Used

HLA antigen profile

Cell line Cell of origin Class I Class II

K562 Myeloid - -
*HSB T lymphoma +
*JM T lymphoma +
CEM T lymphoma +
Hut 102 T lymphoma + +
Hut 79 T lymphoma + +

Daudi B lymphoma - +
*MST B lymphoma + +

*JY B lymphoma + +

SB B lymphoma + +
U937 Monocytic +
Y 79 Retinoblastoma
MDA-MB-134-VI Breast
NCI-H69 Lung +

Kato-III Stomach + +

Du 4475 Breast +
SK-NEP-l Kidney-Wilm's +

SK-MEL-I Melanoma +

(+) Denotes presence while (-) denotes absence of HLA antigens on
cell membranes as determined by indirect immunofluorescence.
* Cell lines were kindly donated by Dr. V. Engelhardt (University of
Virginia Medical Center, Charlottesville, VA). The rest of the cell
lines were obtained through the American Type Culture Collections.

In the present studies, cell lines were checked in our laboratory for the
presence of membrane class I or II molecules by indirect immunofluo-
rescence using W6/32 (anti-class I) or L243 (anti-class II) murine
monoclonals and FITC labeled goat antimouse IgG.

Murine monoclonal antibodies and anti-HLA (Fabl2 alloantibod-
ies. Purified supernatants of monoclonals were obtained as follows:
L243, L368, 2D1, L01-1, 4H9, Leu I (CD5), Leu 4 (CD3), Leu 9
(CD7), and Leu Sb (CD2) from Becton-Dickinson Laboratories,
Mountain View, CA; W6/32 from Sera Lab, Westbury, NY; To5
(CD35), Rl/69, A8/B5, DK22,'To 15, and Leucocyte CommonAg
(CD45) from Dako Laboratories, Santa Barbara, CA; BB7.2, BB7.7,
BB7.6, L 227, 2.06, and IVA 12 from American Type Culture Collec-
tion, Rockville, MD; OKT3 from Ortho Laboratories, Raritan, NJ;
Cappell anti-HLA, ABCfrom Organon TeknikaCappel, West Chester,
PA; and H4 from One Lambda Labs, Los Angeles, CA. BL-1 1 and
BL-2 were kindly donated by Dr. J. Brochier, H6pital E. Herriot, Lyon,
France. ICN anti-DR was obtained from ICN Immunobiologicals,
Lisle, IL. BA- I (CD24) was obtained from Hybritech, San Diego, CA;
Bl (Clone H299) was obtained from Coulter Immunol, Hialeah, FL.

W6/32, BB7.7 react with monomorphic determinants on class I
HLA molecules, whereas BB7.6 and BB7.2 react with polymorphic
determinants on class I molecules (12-14). L243, H4, DK22, BL-l 1,
BL-2, L227, 2.06, ICN anti-DR, and IVA 12 react with monomorphic
determinants on class II HLA molecules, (15-18).

Humanalloantibodies that had broad reactivity to both class I and
II HLA antigens were obtained from renal dialysis patients who had
received multiple blood transfusions. F(abY2 fragments of these anti-
bodies were prepared by digesting heat inactivated serum with pepsin
(2 mgenzyme to 1 ml of serum, pH 4.5) for 18 h at 37°C. The pH of
serum was adjusted to 7.5 after the digestion and the serum superna-
tant (containing F(abY2 fragments) was initially dialyzed overnight
against 0.005 Mphosphate buffer (pH 7.5) and then against PBS (pH
7.2). Contaminating undigested FcIgG could not be removed from

these preparations as staphylococcal protein A (SpA) bound very
weakly to these alloantibodies. This was determined using FITC-SpA
to bind to membrane bound IgG alloantibody. Efficacy of digestion
and purity of F(abY2 fragments was ascertained by (a) Ouchterlony
plates, (b) ability of antibody to lyse normal lymphocytes in a comple-
ment-dependent microlymphocytotoxicity assay (19) and (c) by indi-
rect immunofluorescence to detect binding of Fc containing antibody
to cells using FITC-labeled goat anti-human IgG specific for the heavy
chain of the IgG molecule. Data on purity of F(abY2 are illustrated on
Fig. 3.

Natural killer assay. Effectors were freshly isolated by Ficoll-Hy-
paque density gradient centrifugation of blood. NK assay was per-
formed by previously described in vitro techniques. Briefly, 2.5 X 104
51Cr labeled tumor target cells in RPMI 1640 media and 10% fetal calf
serum were incubated for 4-5 h with 0.25 ml effector cells (at
effectorntarget ratio 10:1, 25:1, 50:1, and occasionally 100:1) in Falcon
plastic tubes (triplicate cultures). Tubes were gently centrifuged (100 g
for 3 min) before the incubation. At the end of the incubation, tubes
were centrifuged at 500 g for 10 min and percent 5"Cr release in the
supernatant was evaluated after separately counting both the pellet and
supernatant. The sum of pellet and supernatant counts helped deter-
mine if targets were uniformly distributed in all the tubes. Percent
specific 5"Cr release was calculated as: (Experimental % release)
- (spontaneous % release)/(Maximal % release) - (spontaneous %
release) X 100. Spontaneous % release represents target cell release
when targets are incubated in media alone. Maximal %release repre-
sents target cell release when targets are incubated with water. Data are
also reported in lytic units (LU). A LU is defined as the number of
effector cells required to generate 30% specific 5"Cr release from targets
and is expressed as LU/106 effector cells. The standard deviation of
triplicate values in all experiments did not exceed 10%.

Antibody dependent cellular cytotoxicity (ADCC). This assay was
performed using techniques identical to that used for the NKassays.
Two antibody-target combinations that were previously well studied
by other investigators were used as controls (20, 21). FeMx melanoma
cell line and the rabbit polyclonal antiserum specific for melanoma
cancer cells was kindly donated by Dr. John R. Ortaldo from the
National Cancer Institute. Maximum ADCCwas produced when this
antiserum was used at a 1/100 dilution. The second antibody target
combination consisted of chicken red blood cells (CRBC) and a rabbit
polyclonal antiserum specific for CRBC. (Organon Teknika-Cappell
Laboratories). Maximum ADCCwas produced when this antiserum
was used at a 1/6,000 dilution.

Masking of target cell membrane antigens with monoclonal anti-
bodies. Before the NK assay, 5'Cr-labeled target cells (25,000 in 25
lambda media) were incubated with 25 lambda of appropriately di-
luted mouse monoclonal to deliver 0.5-1.0 ug of antibody. After 30
min incubation with antibody at 4°C, target cells were washed and
then cocultured with or without effector cells (control for spontaneous
%release). Different dilutions of each monoclonal were added to target
cells to determine antibody concentration leading to maximum target
cell lysis during the NKassay.

Inhibition of NKand ADCCwith SpA. In these experiments, SpA
isolated from S. aureus A676 bacteria (Pharmacia Fine Chemicals,
Uppsala, Sweden) was used. 2.5 X 104 5'Cr labeled target cells were
incubated with appropriate dilutions of antibody at 4°C for 30 mn.,
washed, and then reincubated with 50 Mg of SpA at 4°C for 30 min.
Target cells were washed after the SpA incubation before the ADCC
and NKassay. Because of variable binding of SpA to the Fc region of
the various IgG isotypes and from different animal species, under the
culture conditions used, care was taken to confirm binding of SpA to

target membrane bound IgG using FITC-labeled SpA. For example,
with this technique, SpA was found to bind very avidly to rabbit
anti-chicken RBCbut very weakly to rabbit anti-FeMx or to the
human anti-HLA alloantibodies that we used. Similarly, SpA bound
very avidly to murine monoclonal L243 (IgG 2a anti-DR) and to L227
(IgG 1, anti-DR) but not to several other murine monoclonals with
similar IgG isotypes (see Fig. 5).
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Complement-dependent lysis of NKeffectors. In additional experi-
ments, effector cells were depleted of NKeffectors using complement
binding monoclonal antibody specific for cells with NKactivity. Since
the majority of cells with NK activity are phenotypically CD16 (22),
we used Leu 1 lb (CD 16, clone G022, and OKT8 [CD8]). Comple-
ment-dependent lysis of NK effectors was performed by previously
described techniques (23). Between 5 to 10 X 106 lymphocytes in
RPMI containing 5% FCS were incubated with mouse monoclonal
antibody at a concentration of 1 Ag for 1 X 106 cells. After 30 min
incubation at room temperature, cells were exposed for I h to baby
rabbit complement (Pel Freez Lab, Brown Deer, WI, diluted 1:2 in
FCS). Control cells were exposed to rabbit complement but no mono-
clonal antibody. Complement lysis was terminated by washing cells
three times with 10% FCS in RPMI.

Enzyme digestion of effectors. In certain experiments, effectors
used in ADCCor NKassays were digested with pronase (Type XIV;
Sigma Chemical Co., St. Louis, MO) as previously described (24).
Pronase was used at a final concentration of 2 mg/ I0' lymphocytes/ml.
After incubation with this enzyme for 30 min at 370C, cells were
washed twice with heat-inactivated FCS and resuspended in RPMI
containing 10% FCS. Cell viability determined by trypan blue exclu-
sion was > 85%. Efficacy of digestion was ascertained by indirect im-
munofluorescence as previously described (24) to determine if rabbit
anti-FeMx or normal human IgG bound to Fc receptors on the pro-
nase digested effectors.

Evaluation of target cell membrane antigens after anti-HLA anti-
body. The effect of anti-HLA-DR on target cell membrane DRanti-
gens was analyzed by incubating 0.5 X 106 JY and Daudi targets with 1
,sg FITC-labeled anti-HLA-DR (L243) for 30 min at 40C. Targets were
then washed in culture media and intensity of FITC staining was
measured immediately and again after the stained target cells were
allowed to incubate in culture media at 370C for 2 and 4 h. Target cells
were examined for membrane fluorescence with fluorescence micros-
copy and also by flow cytometry. With fluorescence microscopy we
observed no modulation of HLA-DR antigens (including capping)
after FITC anti-HLA-DR.

Target binding assay (conjugateformation). To observe binding of
NKcells to their targets (conjugate formation), we used the method of
Grimm and Bonavida (25). 1 X 106 nonadherent (plastic petri dish)
PBMCwere mixed with 0.5 X 106 targets in a total volume of 1 ml
culture medium (RPMI with 15% FCS). The cell mixture was gently
centrifuged at 250 g for 5 min and then incubated for 30 min at 370C
in a 5% CO2 humidified atmosphere. Cells were gently resuspended
and 200 effector cells were counted. The percent binding of effectors to
targets was calculated as follows: number of single effectors bound to
single targets divided by the total number of effectors by 100%.

Single cell assayfor NKlysis. Effector cell lysis of bound target cells
was evaluated in the single cell assay for killing according to the
method of Grimm and Bonavida (25). 1 X 106 nonadherent PBMC(in
0.5 ml) were mixed with 1 X 106 targets (in 0.5 ml). The cell suspension
was gently centrifuged (250 g for 5 min) and then allowed to incubate
in 5%CO2 for 30 min at 370C. After the incubation, cells were gently
resuspended and then added to I ml of a 0.5% agarose solution main-
tained in liquified state at 420C. The cell agarose solution was pipetted
on a 60-mm tissue culture plate and allowed to solidify at room tem-
perature. The agarose was then overlaid with RPMI and incubated at
370C. After 2 h, medium was aspirated and 2 ml of 0.2% trypan blue
added. The plates were then examined under an inverted microscope
with phase contrast. The percentage of dead target cells in conjugates
was calculated by counting 100 conjugates and evaluating number of
conjugates with dead targets.

Lysis of tumor targets with large granular lymphocytes (LGL)
granules. Granules from rat LGL were kindly provided by Dr. Pierre
Henkart (Immunology Branch, NCI, Bethesda, MD). We followed
previously described technique (26). LGL granules (RNK 7P7A, 7,500
U/ml) was diluted in PBS without calcium. 200 lambda of granules
with the desired cytolysin activity was added to 200 lambda 5"Cr la-
beled tumor targets (2 X 104) in RPMI with 0.2% BSA. After 1 h

incubation at room temperature, cytotoxicity was evaluated by deter-
mining specific 5"Cr release as described in the NKassay. To control
for nonspecific lysis, LGL granules were diluted in PBS containing
calcium, which completely abrogated the cytolysin effect.

Results

Effect of masking HLA determinants on tumor targets in the
NKassay. NK assays were performed utilizing as targets 11
cultured allogeneic lymphoblastoid cell lines and seven solid
tumor cell lines that grew in suspension (Table I, Table II, and
Fig. 1). In some experiments, 51Cr labeled target cells were
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Figure 1. Cultured tumor target cell lines known to be resistant and
sensitive to NK lysis were subjected to NK lysis with fresh peripheral
blood mononuclear cells (NK effectors) obtained from normal vol-
unteers. Two different effectors were used, one for each panel. Before
the NKassay 5tCr labeled target cells were either not incubated with
antibody (denoted as o) or incubated with anti-HLA-AB monoclonal
(W 6/32, denoted as a), or incubated with anti-HLA-DR (L243, de-
noted as n). Antibody was washed off target cells before incubation
with effectors. + and - on abscissa denote presence or absence of
HLA class I or II antigens on the cell membrane of tumor targets as
determined by indirect immunofluorescence in our laboratory.
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Table II. Natural Killer Assay: Effect of Masking HLA Determinants on Targets with Murine Monoclonal Antibodies

%Specific "Cr lysis

Effector I Effector 2

JY target HSBtarget Daudi target JM target

No Anti- No Anti- No Anti- No Anti-
Effector-Target ratio antibody HLA-DR antibody HLA-AB antibody HLA-DR antibody HLA-AB

100:1 0 38.3 16.4 81.4 4.5 51.9 47.0 68.3
50:1 0 31.0 4.3 64.8 1.2 46.5 24.4 50.3
25:1 0 15.7 0.1 48.3 1.3 30.3 14.0 36.2
10:1 0 13.4 0 18.9 0 13.8 5.4 17.1

2.5 X 104 "Cr labeled cell lines were incubated for 30 min at 4VC with the mouse monoclonal antibodies reactive to HLA determinants,
washed twice and then subjected to NKlysis over 4 h. JY and Daudi are B lymphoblastoid cell lines while HSBand JM are T lymphoblastoid
cell lines lacking HLA-DR determinants. Anti-HLA-DR is the L243 monoclonal while anti-HLA, AB is the W6/32 monoclonal.

initially interacted with mouse monoclonal antibodies specific
for either class I or II HLA antigens, so as to "block" or mask
these cell membrane determinants. Target cells were washed to
remove unbound antibody before coculturing them with ef-
fectors in the NKassays. Washing of target cells after antibody
pretreatment was essential as this procedure (a) decreased or
prevented antibody interaction with effector cells and (b) re-
moved preservatives or proteases that can be present in mono-
clonal antibody supernatants, thus reducing nonspecific effects
on effectors and targets.

From Fig. 1 and Table II, it is evident that when HLA
antigens were present on tumor target cells, binding of anti-
HLA antibody to the target cells led to enhanced NK lysis.
This was particularly true for lymphoblastoid cell lines and to
a lesser extent with solid tumor cell lines. SK-MEL- 1 was par-
ticularly resistant to NK lysis despite use of several mono-
clonals directed at class I determinants. Similar enhancement
in lysis was observed with freshly obtained allogenic leukemic
cells (data not shown). Secondly, there was heightened lysis of
cell lines lacking HLA antigens (e.g., K562, Y79). Pretreat-
ment with anti-HLA monoclonals did not increase the already
enhanced lysis.

For optimal "masking" of HLAantigen determinants, mu-
rine monoclonals had to be used at concentrations of 0.5 to 1.0
,ug per 25,000 targets although some enhancement of the NK
lysis was observed with less quantities of monoclonal antibody
(Fig. 4). Of particular importance, to observe some enhance-
ment of NK lysis, one required more antibody than that re-
quired to detect antibody binding by indirect immunofluores-
cence, i.e., by at least two more dilutions (a factor of four).

Effect of masking non-HLA determinants on tumor targets
in the NK assay. It became important to determine if the
observed enhancement of NK lysis was unique to masking of
HLAdeterminants on tumor targets. 15 monoclonals reactive
to non-HLA determinants on lymphoid tumor cells were
treated in a similar fashion. Seven of these monoclonals are
exemplified in Table III. The other eight monoclonals tested
reacted to the following non-HLA membrane determinants: B
lymphocyte determinants, Bl (CD20, IgG 2a); BA 1 (CD24,
IgM); To 15 (CD22, IgG 2b); immunoglobulin determinants,
anti-lambda (IgG 1); T lymphocyte determinants, Leu 9 (CD7,
IgG 2a); Leu Sb (CD2, IgG 2a); Leu 1 (CD5, IgG 2a); and
leukocyte determinants, leukocyte CommonAntigen (CD45,

IgG 1). As exemplified on Table III, no enhancement of NK
lysis was observed after using monoclonals reactive to these
non-HLA determinants.

Effect of masking HLA determinants on normal cell targets
in the NKassay. Weobserved no NK lysis of normal autolo-
gous and allogenic lymphocytes (Fig. 1), and enriched B lym-
phocytes and platelets (data not shown), despite the presence
of these anti-HLA monoclonals. Similarly, normal allogeneic
lymphocytes subjected to blast transformation with pokeweed
mitogen or concanavalin-A were resistant to NK lysis despite
presence of anti-HLA monoclonals. No conjugate formation
was observed between these blasts and NKeffectors. This lat-
ter observation would indicate that normal well differentiated
lymphocytes, despite being allogeneic, are not lysed by NK
cells even after blast transformation and masking of HLA an-
tigens with monoclonal antibodies.

Importance of class I or II HLLA molecules and their epi-
topes in preventing NK lysis. As exemplified in Fig. 1, when
tumor targets expressed both class I and class II HLAdetermi-
nants (e.g., MST, JY, Kato III and [not shown] Hut 102 and
SB), then antibodies to class I antigens had no enhancing effect
despite using fivefold amount of antibody and even though by
immunofluorescence there was strong binding of class I anti-
bodies to these targets. Enhancing effect was seen only with
anti-class II antibodies. Addition of both class I and II antibod-
ies did not lead to increased enhancement. One exception,
however, was the HUT 78 Sezary T cell line (interleukin 2
secretor) where anti-class I antibody led to enhanced NKlysis
despite the presence of class II antigens on the cell line (Table
III). This could not be explained on the basis of IL-2 or other
factors in the supernatants as Hut 78 supernatants or recombi-
nant IL-2 did not enhance NK lysis of JY targets when ex-
posed to anti-class I antibody.

From Table III it became evident that not all anti-HLA
monoclonals were capable of enhancing tumor target cell lysis.
In particular, enhanced lysis was observed with monoclonals
reactive to nonpolymorphic or monomorphic determinants
on the HLA molecule, e.g., L243, H4, W6/32, BB7.7, Cappell
anti-HLA or to the beta-2 microglobulin molecule. Wecould
not, however, demonstrate enhancement of NK lysis using
some other monoclonals with similar isotypes and that were
also reactive to monomorphic determinants on the HLAmol-
ecule (data not shown), i.e., L227 (anti-DR, IgG 1), IVA 12
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Table III. Binding of Mouse Monoclonal Antibodies to Tumor Target Cell Antigenic Determinants:
Effect on NK-mediated Lysis of Targets

LU/ 106 effectors

Effector 3 Effector 4

Hybridoma IgG HSB JY Hut 78 JY Daudi
Mouse monoclonal antibody clone subclass target target target target target

None - 0.9 < 1 28.6 21.2 38.0
Anti-HLA-DR L243 IgG 2a - * 19.2 *68.0 *67.0 *111.4
Anti-HLA-DR H4 IgG 2b *23.4 *66.2 *54.3 *89.1
Anti-HLA-DR BL-22 IgG 2b < 1 23.4 29.2 40.3
Anti-HLA-AB W6/32 IgG 2a *71.4 2.0 *52.6 27.0
Anti-HLA-AB & fl2 micro BB7.7 IgG 2b *69.4 1.4 *55.8 21.3
Anti-HLA-BW6 BB7.6 IgG 1 0.7 <1 16.2 22.3
Anti-HLA-AB Cappell IgG 1 *59.8 <1 *53.1 18.3
Anti-f microglobulin L368 IgG 1 *66.1 1.7 *53.4 23.5
Anti-C3b(CR 1) To5 IgG 1 <1 18.1 36.3
Anti-IgM R1/69 IgG 1 <1 - 22.3 39.9
Anti-kappa A8/B5 IgG 1 <1 20.4 34.4
Anti-leukocyte (HLe 1) 2D1 IgG 1 <1 <1 23.8 19.4 38.4
Anti-transferrin LO1.1 IgG 2a <1 <1 24.6
Anti-T cell, NK(CD7) 4H9 IgG 2a < I
Anti-OKT3 (CD3) OKT3 IgG 2a <1 25.6

5'Cr labeled cell lines were exposed to various mouse monoclonal supernatants reactive to HLAand non-HLA membrane determinants,
washed and then subjected to NK lysis. The origin of cell line and class of HLA antigens on their cell surface are as follows: HSB, T cell with
HLA class I; JY, B cell with HLAClass I and II; Hut 78, T cell (Sezary) with HLA class I and II; Daudi: B cell with HLA class II. In this table,
points with no data indicate that NKassays were not performed as the cell lines showed no monoclonal antibody binding when checked by in-
direct immunofluorescence. This table contains representative data from two of the seven different effectors tested. * Represents highly signifi-
cant enhancement of NKactivity. There were < 10% SD in all experiments.

(anti-DR and DP, IgG 1) ICN (anti-DR, IgG 2a), 2.06 (anti-
DR, Ig G1) as well as to some monoclonals reactive to poly-
morphic determinants of the HLAmolecule, i.e., BB7.6 (anti-
HLA-BW6, IgG 1), BB7.2 (anti-HLA-A2, IgG 2b). By indirect
immunofluorescence all these nonenhancing antibodies were
strongly reactive to the targets tested. The ability of only cer-
tain anti-HLA monoclonals to enhance NKlysis suggests that
certain epitopes present on the HLA monomorphic determi-
nants and the beta-2-microglobulin are important in rendering
target cells resistant to NKlysis.

Effect of masking HLA determinants on effectors in the NK
assay. It is possible that enhanced NK lysis may result from
monoclonal antibody effect on HLA antigens present on ef-
fectors. Wedid not feel that this was the case as targets pre-
treated with antibody were washed before co-culturing with
effectors. Further, using K562 and Y79 targets, which lack
both class I and II HLA molecules, no enhancing effect was
observed even when NKassays were performed with effectors
pretreated with anti-HLA sera and then washed or with anti-
HLA sera being present throughout the NKassay.

Studies to evaluate effectors responsible for enhanced NK
lysis. It became important to determine whether the enhanced
lysis observed in the presence of anti-HLA antibody was in-
deed mediated via NKeffectors. Since the majority of NKcells
have CD16 phenotype (with some cells coexpressing CD8)
(22), experiments were repeated with effectors depleted of cells
with such phenotypes using a complement-dependent lysis
system. Data in Table IV, which are representative of five
different experiments, indicate that the enhancing effect of

anti-HLA, DRantibody was maximally abrogated when ef-
fectors were depleted of cells with CD16phenotype. Depletion
of the CD8 subpopulation did not affect NK killing. These
data thus support the concept that the enhanced lysis was
mediated via effectors having similar phenotypes as effectors
with NKactivity. Depletion of T cells with anti- Leu- 1 mouse
monoclonal (CD5, Becton-Dickinson), did not decrease the
enhanced tumor cell lysis (data not shown).

Mechanism of enhanced NK lysis. After we determined
that the enhanced NKactivity with targets exposed to mono-
clonal anti-HLA antibody was not due to an effect on effec-
tors, it became important to clarify how this antibody made
targets more susceptible to NKlysis. Experiments were aimed
at studying the effect of anti-HLA antibodies on (a) modulat-
ing target membrane HLA antigens, (b) binding affinity of
effectors to target cells, i.e., conjugate formation and (c) effect
on postbinding target cell lysis. Data from Table V indicate
that antibody binding to target cells did not lead to shedding or
internalization of membrane HLAantigens especially since we
observed no quantitative decrease in the FITC staining of
membrane HLAantigens during the culture period. Addition-
ally, modulation of membrane HLA antigens appeared un-
likely as we observed no capping over the 4-h period. Sec-
ondly, anti-HLA antibody did not appear to enhance conju-
gate formation and furthermore, we observed no increase in
the number of effectors binding to a single target cell. From
Table V, data would indicate that anti-HLA antibody ren-
dered target cells more susceptible to postbinding lysis. To
further elucidate the mechanism of enhanced postbinding NK
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Table IV. Enhancing Effect of Anti-HLA-DR Antibodies on NKActivity Abrogated when Effectors
Depleted of Cells with CD16 and CD8Phenotypes

%Specific "'Cr lysis

Effector 5 Effector 2

Phenotypes depleted from effectors Phenotypes depleted from effectors

None CD16 CD16 + CD8 None CD16 CD8 CD16 + CD8

Target K562 77.8 3.8 4.2 53.9 4.3 51.2 4.5

Target JY lymphoblast 1.3 2.1 0 9.3 6.1 7.2 3.8
Target JY + anti-HLA-DR (L243) 24.0 6.1 1.9 68.3 12.8 54.2 12.9
Target Daudi 3.0 7.6 1.1 13.8 1.0 11.2 0.8
Target Daudi + anti-HLA-DR (L243) 53.8 8.1 4.8 77.8 11.1 60.1 7.2

Effectors were depleted of cells with CD8and CD16 phenotypes using complement binding monoclonal antibodies (Leu 1 lb and OKT8). Con-
trol effectors were exposed to rabbit complement and a monoclonal antibody nonreactive to effector cells. In these experiments, effector/target
ratio was 25: 1. Similar data were obtained with ratios of 50: 1.

lysis after pretreating targets with anti-HLA antibodies, studies
were conducted with purified LGL granules. Data in Table VI
indicate that the anti-HLA monoclonals did not increase the
susceptibility of the tumor targets to the LGL granules. It is,
therefore, possible that the enhanced postbinding lysis (after
pretreating targets with anti-HLA antibodies) results from en-
hanced triggering of NKeffector cells when HLA antigens on
tumor targets are masked by the antibody.

Experiments to exclude the possibility ofADCC. It is possi-
ble that the enhanced NKlysis of tumor targets observed in the
presence of anti-HLA monoclonals are a result of ADCCand
not NK lysis. ADCCdid not, however, appear to be a satisfy-
ing explanation for our observations as it became difficult to
explain why all anti-HLA murine monoclonals with similar
isotypes did not lead to enhanced target cell lysis, despite dem-
onstrating avid binding to HLA determinants. Additionally,
under the conditions of the assay, none of the murine mono-
clonals binding to non-HLA determinants led to enhanced
NKlysis (Table III).

Three different experimental approaches were, however,
performed to exclude the possibility of ADCC. Firstly, experi-
ments were performed using effectors pretreated with pronase

to digest FcIgG receptors, which are important in ADCC. In
these experiments, as a control, we used a well-studied,
ADCC-mediated lysis of tumor target using a rabbit antibody
that binds to non-HLA antigen present on human melanoma
cells (Table VII) (21). ADCC-mediated lysis of FeMx targets
with the rabbit antibody was markedly reduced using pronase
digested effectors, thus demonstrating that the FcIgG receptors
were effectively digested. Despite FcIgG receptor digestion,
enhanced lysis of tumor targets was not reduced in the NK
system with antibodies (both monoclonal and alloantibodies)
that bound to HLA determinants on tumor targets. This lack
of inhibition cannot be explained on the basis of increased
affinity of murine IgG to partially digested human FcIgG re-
ceptors as data in Fig. 2 would argue against this possibility.
Binding affinity of the various animal IgG to human FcIgG
was compared by elucidating the binding of lymphocytes to
serum IgG as previously described (27). As can be seen from
Fig. 2, rabbit, but not murine IgG bound very avidly to human
FcIgG receptors present on lymphocytes. Hence, ADCCre-
sulting from partially digested or undigested FcIgG receptors
should have been evident with the rabbit antibody, which has a
higher affinity for the receptors.

Table V Effects ofAnti-HLA Antibodies on Events Leading to Target Cell Lysis

Density of class II antigens on target membrane
after addition of FITC labeled anti-HLA-DR Percentage of effectors binding to Percentage of targets lysed

target (i.e., conjugate formation) within target conjugate
Mean peak channel±SD

Before After Before After
0 h 2 h 4 h anti-HLA-DR anti-HLA-DR anti-HLA-DR anti-HLA-DR

173±13 166±16 171±18
Effector 6 22.2 20.3 10.2 85.6
Effector 2 19.4 21.2 6.4 91.2
Effector 7 15.8 16.5 14.6 79.8

Data in this table were obtained using JY lymphoblastoid target cells and anti-HLA-DR (L243). The effect of anti-HLA-DR on target cell
membrane DRantigens was analyzed by incubating JY targets with FITC labeled anti-HLA-DR (L243). JY targets were washed and then al-
lowed to incubate at 370C for varying periods. Target cells were examined by flow cytometry and fluorescence microscopy to check for modu-
lation of HLA determinants. No capping was observed. In some experiments, targets were exposed to anti-HLA-DR and then cocultured with
NKeffectors (as described in Methods) to visually determine effector binding to targets (conjugate formation) and evaluate lysis of target cell
within the conjugate.
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Table VI. Effect of Anti-HLA Monoclonals on LGL Granule-mediated Lysis of Tumor Targets

LGL granules %Specific 5Cr release

LU/2 X 104 targets Daudi Daudi + L243 JY JY + L243 HSB HSB+ W6/32

150 92.9 92.8
75 89.8 76.7 _
37.5 90.8 52.4 48.1 32.1 44.4 38.4
18.75 72.1 34.7 37.7 25.8 38.1 33.5

9.4 26.9 13.5 23.1 15.8 27.6 23.1
4.7 14.4 7.9 19.8 7.1 22.2 10.2

5"Cr labeled cell lines were incubated with the various anti-HLA mouse monoclonals (L243 anti-DR, W6/32 anti-HLA-AB), washed and then
exposed to LGL granules. 2 X 104 targets in 0.2 ml RPMI (with Hepes buffer) were interacted with 0.2 ml LGL granules having varying cytoly-
sin activity. 1 LU of LGL granule is defined as the amount of cytolysin that will cause 50% lysis of a 1-ml suspension containing 0.2% SRBC.

In the second series of experiments (FabY2 fragments of
antibody were used to mask HLAdeterminants on tumor tar-
gets as the Fc portion of IgG is essential to mediate ADCC. It
was not possible in our laboratory to obtain (Fab)'2 fragments
of murine monoclonals W6/32, L243, and L368 without af-
fecting their binding avidity to cell membrane determinants
and without significant Fc contamination despite using pepsin
digestion techniques described by Parham (28). Our experi-
ence has been shared by other investigators who have demon-
strated rapid degradation of the (Fab)2 monoclonal proteins
(29, 30). Hence, (Fab)'2 fragments of human anti-HLA anti-
bodies were used. Fig. 3 exemplifies data from two of the five
alloantibodies. As illustrated in the bottom two panels, there
was significant enhancement in NKlysis with (Faby2 anti-HLA
alloantibodies even when used in dilutions containing no in-
tact FcIgG anti-HLA alloantibody. One cannot attribute the
enhanced NK lysis to ADCCmediated by contaminating in-
tact FcIgG anti-HLA antibodies that cannot be detected by
indirect immunofluorescence mainly because to observe any
enhanced NK lysis in our experimental system significant
amounts of FcIgG antibody had to be present. As depicted in
the top panel of Fig. 3, enhanced NK lysis was not observed
even when by indirect immunofluorescence there was enough
FcIgG binding to 60% of cells.

Because of the inability to prepare (Fab)2 fragments with
the mouse monoclonals, another technique was utilized to
prevent the Fc portion of the antibody from binding to Fc

receptors present on effectors. This was accomplished with
SpA, which several investigators have used to effectively in-
hibit ADCC(31-33). In control experiments, another well-
studied ADCCmediated lysis of targets was used, i.e., lysis of
CRBCwith rabbit anti-CRBC antibody. The rabbit anti-FeMx
system could not be used because of weak binding of FITC
SpA to this antibody. Experiments using SpA to inhibit ADCC
demonstrated that SpA inhibited ADCCmediated by rabbit
anti-CRBC but did not inhibit enhanced NKlysis mediated by
the anti-HLA monoclonals (Fig. 4) despite avid binding of
SpA to the anti-HLA monoclonals (Fig. 5).

Discussion

Data from the present investigations indicate that MHCgene
products are important in maintaining resistance of tumor
targets to NK lysis as has been proposed by others (4-7). Un-
like other investigators, we utilized a somewhat direct ap-
proach by employing monoclonal antibodies to HLAdetermi-
nants to alter or mask the amount of MHCdeterminants on
the tumor target cells. Our studies indicate that class II HLA
determinants also impart resistance to tumor targets against
NK-mediated lysis. Previous studies have mainly focused on
the protective role of class I antigens as their techniques did
not allow for studying class II antigens (4-7). When tumor
targets express both class I and II molecules, then NK lysis is

Table VIL Enzyme Digestion of FcIgG Receptors on Effectors: Effect on NKand ADCC

Effector 1 Effector 2 Effector 3

Control Pronase Control Pronase Control Pronase
effectors digested effectors digested effectors digested

ADCClysis
FeMx 5.3 1.2 5.3 0.4 19.8 2.0
FeMx + rabbit anti-FeMx 25.1 7.4 26.1 4.8 75.0 19.4

NKlysis
JY 5.7 1.6 9.3 0.8 1.3 0
JY + anti-HLA, DR(L243) 22.3 19.0 29.8 23.1 24.0 21.6
JY + anti-HLA alloantibody 3SH 50.2 56.3 56.1 47.5 39.4 36.5

In the ADCCassay, FeMx melanoma cells were used as targets and the rabbit antibody was used at a dilution of 1: 100. The effector to target
ratio was 100: 1. In the NKassay the effector to target ratio was 25: 1. Similar data were obtained at ratios of 50: 1. Effectors were digested with
pronase (2 mg/ml) for 30 min at 370C. Efficacy of FcIgG receptor digestion was evaluated by the binding of rabbit and human serum IgG (24).
By indirect immunofluorescence no serum IgG binding could be detected on pronase-digested cells.
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Figure 2. Comparison of binding avidity of human, mouse and rab-
bit serum IgG to human FcIgG receptors on lymphocytes. Peripheral
blood human lymphocytes depleted of macrophages (by plating)
were incubated at 370C for 2 h in media with 5%FCSto elute off
IgG already bound to FcIgG receptors as previously demonstrated
(27). Cells were then washed X2 with warm media prior to incubat-
ing with 1/20 dilutions of various sera (40C for 30 min). Cells were
washed at 4VC before staining with FITC labeled (Fab)'2 goat anti-
human, mouse or rabbit IgG. Cells were examined by flow cytome-
try. Background control fluorescence (dashed lines) was determined
by incubating cells (after the 2 h elution step) with FITC antibody.
Sera used had no antilymphocytic activity as determined by a com-
plement dependent microlymphocytotoxicity technique (19).

enhanced predominantly when the class II molecules are
masked although there are exceptions as we observed with the
Hut 78 cell line when, despite the presence of class II mole-
cules, NK lysis occurred after masking of class I molecules.
The enhanced lysis of tumor targets after interaction with
anti-HLA antibodies was not due to increased binding affinity
of effectors to target cells (i.e., conjugate formation), but an
effect of increased postbinding target cell lysis. Experiments
with LGL granules indicate that the enhanced postbinding
lysis (after masking HLA antigens) was not due to increased
susceptibility of tumor targets to cytolysin. These data suggest
that HLA antigens on tumor targets inhibit the triggering of
effector cells (and release of cytolysins) after recognition and
binding of NKcells to target cells.

Other investigators who used a similar approach as we did
failed to support our observations (7, 34). Technical differ-
ences may explain in part, these differing observations. During
earlier studies we realized the necessity of washing the target
cells after preincubation with the monoclonal antibody and
before coculturing with effector cells. Such an approach led to
consistency in our data as perhaps there was minimal interac-
tion of antibody with effector cells and more importantly the
wash step removed preservatives or proteases (released from
dying hybridoma cells) that can be present in monoclonal an-

tibody supernatants. Secondly, previous investigators em-

ployed monoclonals reactive to class I determinants. It is,
therefore, possible that lack of enhancement may result if
tumor targets also expressed class II molecules. Thirdly, our
studies would indicate that the quantity of monoclonals used
was critical in bringing out an enhancing NKeffect. For opti-
mal enhancing effect, 25,000 targets required to be preincu-
bated with 0.5-1.0 ,g of monoclonal antibody.

The enhanced NK lysis in the presence of anti-HLA anti-
bodies was due to effectors with the NK phenotype (i.e.,
CD16) and, in addition, not a result of ADCC. Removal of
cells with the CD16 phenotypes from the effector cell popula-
tion maximally abrogated the enhanced NK lysis, while no
reduction in NKenhancement was observed after depletion of
T cells with the CD5 phenotype from the effector population.
Since effectors with the NK phenotype can also mediate
ADCC, experiments were performed to exclude this possibil-
ity. Firstly, digestion of FcIgG receptors from effectors with
pronase significantly reduced ADCC-mediated lysis of FeMx
targets by rabbit anti-FeMx. However, use of pronase digested
effectors did not reduce the enhanced NK lysis of targets ob-
served with anti-HLA antibody (with both monoclonals and
alloantibody). Secondly, enhanced NK lysis was observed de-
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Figure 3. 5"Cr labeled lymphoblastoid cell lines were pretreated with
varying dilutions of either intact (top panel) or F(ab')2 fragments
(middle and lower panels) of anti-HLA alloantibodies, washed and
then subjected to NK lysis. The purity of F(ab')2 fragments is illus-
trated by indirect immunofluorescence using FITC F(ab')2 goat anti-
human IgG (Fc specific) (flow cytometry) to determine if antibody
bound to target cells contained the Fc portion of the IgG molecule.
For example, in the middle panel, no intact Fc containing IgG al-
loantibody could be detected at 1:8 dilution of the F(ab')2 anti-HLA,
No. 1, G.B. JY was the target cell used in the top two panels while
Daudi was used in the lower panel.
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spite using (Fab)2 anti-HLA alloantibody and in dilutions with
no contaminating intact anti-HLA antibody. Thirdly, SpA did
not inhibit the enhanced NK lysis mediated by anti-HLA
monoclonals despite demonstrating avid binding of SpA to the
monoclonal antibody. In agreement with previous studies,
under similar conditions SpA inhibited an ADCC-mediated
lysis of CRBCwith rabbit anti-CRBC, which has a higher
affinity for FcIgG receptors than murine IgG (Fig. 2) (31-33).
ADCCas a rule is more sensitive than indirect immunofluo-
rescence in detecting antibody binding to targets. Yet, in all
our experiments demonstrating enhanced NK lysis, mono-

clonal and alloantibody binding to target cells could be de-
tected by indirect immunofluorescence by at least two dilu-
tions more than the dilutions needed to demonstrate enhanced
NKlysis (Fig. 3). Such observations also argue against ADCC
in our studies.

Thus far, from the data we have presented there is sugges-

tive evidence to indicate that target cells were rendered more

susceptible to postbinding lysis because anti-HLA antibodies
may have masked or blocked relevant epitopes on the HLA
molecules, which are responsible for inhibiting processes that
induce NKactivity after NKcells bind to target cells. Masking
of relevant HLAepitopes would best explain why all anti-HLA
mouse monoclonal antibodies, e.g., anti-HLA-BW6 or anti-
HLA-DR (L227, 2.06, and IVA 12) will not render target cells
more susceptible to postbinding lysis and will best explain why
all five alloantibodies (with broad anti-HLA reactivity) led to

enhanced NK lysis. Similarly, a masking effect would best
explain the need to use larger quantities of antibody to obtain
optimal enhanced NK lysis. Membrane modulation of the
HLA molecule seems unlikely as we observed no shedding,
internalization, or capping of these membrane molecules
(Table V).

There are, however, other factors that are responsible for
imparting resistance to tumor cells. This may explain why

certain solid tumor targets (e.g., SK-MEL- 1) could not be lysed
by NKcells despite masking or blocking HLA cell membrane
determinants. SK-MEL- 1 was lysed very efficiently (and inde-
pendently of HLA masking) by lymphokine activated killer
cells (data not shown). It is possible that membrane glycopro-
teins other than HLA antigens may impart NKresistance to
certain solid tumor cell lines as has been suggested before.

In conclusion, the present data indicate that MHCgene
products can protect lymphoid and certain solid tumor cell
lines from NK mediated lysis. These data extend previous
observations (4-7) by (a) using a more direct approach to mask
HLA antigens, thus circumventing the possibility of altered
expression of other non-HLA molecules on variant target cell
lines contributing to enhanced NKsusceptibility and (b) dem-
onstrating the protective role of beta-2-microglobulin and class
II molecules. As is evident from Table V, HLA molecules do
not affect binding of tumor targets to NKeffectors. However,
poor expression of HLA molecules leads to more efficient
postbinding target cell lysis. This mechanism is contrary to

tumor cell lysis induced by cytotoxic T lymphocytes, where
increased expression of MHCgene products leads to more
efficient recognition and lysis (35, 36). Since tumor cells often

-- No Ab Control CRBC
With Antibody+
With Antibody Rabbit anti-CRBC

') * Daudi
.0 ~~~~~~~~~~~~+

E L243

z

o 255

Log Fluorescence Intensity
of FITO-SpA Binding.

Figure 5. Comparison of binding avidity of SpA to mouse mono-
clonals (L243, L227) and rabbit anti-CRBC. Target cells (either
Daudi or CRBC) were incubated at 4VC for 30 min with appropriate
dilution and quantity of antibody as used in experiments illustrated
in Fig. 4. After the incubation, cells were washed and then reincu-
bated with 50 .ug of FITC labeled SpA at 4VC for 30 min. Target cells
were rewashed before the ADCCand NKassay. Cells were examined
by flow cytometry. Background control fluorescence (dashed lines)
was determined by incubating cells with FITC SpA but with no anti-
body.
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show alterations in their expression of MHCgene products, it
is possible that reduced expression may allow tumor cells to
escape detection by cytotoxic T lymphocytes as has been pre-
viously proposed (37). NKeffectors may have evolved to pre-
vent the growth or expansion of tumor cells that have escaped
T cell recognition, a hypothesis that has been put forward by
Karre and his colleagues (4).
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