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ABSTRACT Cancer vaccines used to generate specific
cytotoxic T lymphocytes are not effective against tumor cells
that have lost or suppressed expression of their class I major
histocompatibility complex proteins. This loss is common in
some cancers and particularly in metastatic lesions. We show
that b2-microglobulin-deficient class I-negative melanoma
variants derived from patients undergoing specific T cell
therapy are lysed by heterologous as well as autologous
natural killer (NK) lines and clones, but not by specific T cells.
Moreover, the minor NK cell fraction but not the major T cell
fraction derived from heterologous lymphokine activated
killer cells kills those tumor cell lines. ICAM-1 expression by
the different class I protein deficient tumors was correlated
with their sensitivity to lysis by NK cells. Adoptive autologous
NK therapy may be an important supplement to consider in
the design of new cancer immunotherapies.

In the last decade, the field of cancer immunotherapy based on
tumor-specific vaccines and antitumor-specific cytotoxic T lym-
phocytes (CTL) has advanced rapidly (reviewed in refs. 1–3).
However, whether adoptive therapy with T cells or peptide-based
vaccines to generate T cells is employed, the obstacle of major
histocompatibility complex (MHC)-negative tumor variants still
poses a problem for current experimental protocols in cancer
therapy. Partial or complete loss of class I MHC molecules has
been observed for numerous human and murine lines derived
from solid tumors (reviewed in refs. 4–7). Also, frequent MHC-
loss or suppression is observed in fresh tumor specimens taken
from patients. For human melanomas, 16% and 58% of primary
and metastatic lesions, respectively, are not stained by mAbs to
monomorphic determinants of class I antigens (8, 9). The higher
frequency of loss of class I antigens in metastases compared with
loss in primary lesions is not unique to malignant melanoma since
it has also been described in carcinomas. Of 44 human primary
carcinomas and synchronous metastases from the same patients
that were analyzed (10), 75% of the metastatic lesions were class
I-negative compared with just 16% of the primary lesions. This
difference can be interpreted as a partial success of the patient’s
immune system. T cells specific for tumor-associated peptide
epitopes presented by class I MHC protein, eradicated class
I-positive metastasizing tumor cells, thus causing class I-negative
mutant cells in the primary lesions to be selected for metastasis
more frequently. In accordance, a cancer vaccine based solely on
specific T cell therapy might drive the constantly changing tumor
population to evolve into class I-negative secondary lesions.

In support of this hypothesis recent data have shown that, of
13 tumor lines derived from different melanoma patients, five
lines lost functional b2-microglobulin (b2m) expression (11).
Staining of lesion sections from which these 5 lines were

derived confirmed the b2m-deficient phenotype of the tumor
cells. However, archival tumor sections obtained from patients
prior to immunotherapy were available for 3 patients and were
found to be b2m-positive. Needless to say, the b2m-deficient
lesions did not respond to further specific T cell therapy (11).

Natural killer (NK) cells have long been known to have the
ability to lyse class I-negative cells in vitro (reviewed in refs.
12–14). NK cell activity is regulated by a family of NK inhibitory
receptors (NKIR) expressed by NK cells. Recognition of an
appropriate class I MHC specificity by a NKIR generates a
lysis-inhibitory signal; each NKIR recognizes a subgroup of class
I alleles (reviewed in refs. 15–18). Therefore, class I-negative
tumor cells are susceptible to lysis by NK cells. In vivo, NK cell
activity has been shown to drive several immune responses. NK
cells in F1 MHC-heterozygous mice are involved in the rejection
of marrow transplants from both homozygous parental mice, a
phenomenon named ‘‘hybrid resistance’’ (19). Rejection of b2m-
deficient marrow transplants by MHC-matched mice is also
driven by NK cells (20). NK cells have a major contribution, in
addition to CD81 CTL, in the eradication of established metas-
tases of the low class I-expressing murine melanoma B16 (21).
Autologous tumor killing activity by blood lymphocytes, driven
partially by NK cells, is correlated with the disease-free interval
and total survival of operated cancer patients (reviewed in ref.
14). Therefore, NK cells have been long considered as an option
for cancer therapy particularly for patients bearing class I-
suppressed cancers. However, no studies of autologous NK lines
as a potential tool for treatment of such patients have been
reported.

In this study we demonstrate that b2m-deficient melanoma
variants are lysed by different NK lines and clones expressing
different NKIR, while human leukocyte antigen (HLA)-
positive melanoma lines are lysed selectively based on inter-
actions of their HLA alleles with the NKIR. Lymphokine-
activated killer (LAK) cells, or T cells purified from these
LAK, did not lyse well two-thirds of b2m-deficient lines or the
HLA-positive melanoma line. However, the minor population
of NK cells isolated from LAK efficiently lysed these lines. We
further show that NK lines are potent killers of autologous
b2m-negative melanomas, but not of autologous fibroblasts.
Adoptive NK therapy as part of a combined cancer immuno-
therapy approach to cancer is discussed.

METHODS
Tumor Cell Lines. Melanoma cell lines (1074 mel, 1106 mel,

1259 mel, and 1190 mel) were established from patients 1074,
1108, 1259, and 1190, respectively (11). Tumor cells were
maintained as monolayer cultures. LB33MEL.A1 and
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LB33MEL.B1 are melanoma lines derived from patient LB33
(23). Daudi (a b2m-negative B cell line derived from a patient
with Burkitt’s lymphoma) and 721.221 (a MHC class I-negative
human B cell line) are available from the American Type
Culture Collection (ATCC). 721.221 transfected with cDNAs
encoding HLA-Cw*0303, HLA-Cw*0401, HLA-Cw*0602, and
HLA-Cw*0702 (named 721.221yCw3,yCw4,yCw6, andyCw7,
respectively) were described (22). All cell lines were main-
tained in complete medium containing RPMI 1640 and 10%
heat inactivated fetal calf serum.

NK and LAK cells. NK lines and clones were obtained from
peripheral blood lymphocyte as described (22). Briefly, NK lines
were generated by culture of peripheral blood mononuclear cells
(PBMCs) with irradiated (6,000 rad) 721.221 cells (3:1
PBMC:721.221, 7.5 3 105 PBMCyml) in RPMI 1640–10% AB
human serum. After 5–6 days of culture, pure preparations of
CD561CD32 cells were obtained by depletion of T cells with
mAbs against CD3 (T3D, ATCC) and CD4 (OKT4, ATCC) and
with a low-tox rabbit complement (Cedarlane Laboratories).
Purity was confirmed by flow cytometry. These NK lines were
cultured in the same medium supplemented with 100 unitsyml
recombinant human interleukin 2 (rhuIL-2) (Boehringer Mann-
heim). NK clones were obtained by seeding NK lines at one or five
cells per well in 96-well U-bottomed plates in RPMI 1640–10%
fetal calf serum supplemented with 10% leukocyte conditioned
medium (39) and 1 mgyml PHA (Wellcome). Irradiated feeder
cells (2.5 3 104 allogeneic PBMC from two donors and 5 3 103

B cell line 8866 in each well) were added. Proliferating clones
occurred in less than one-third of the wells plated.

LAK cells were obtained from healthy blood donors as
described (31). Brief ly, PBMC were cultured in RPMI
1640–2% AB human serum supplemented with IL-2 (6,000
unitsyml) to generate LAK cells. NK-LAK cells
(CD561CD32) were obtained by depletion of day 6 LAK cells
from T cells as described above for NK lines. T-LAK cells
(CD31CD562) were obtained by depletion of LAK with
anti-CD56 mAb (Becton Dickinson). Purity of NK-LAK and
T-LAK was confirmed by flow cytometry. All LAK were
maintained in medium containing AIM-5, 2% AB human
serum and IL-2 (6,000 unitsyml).

Antibodies and Flow Cytometry. Primary antibodies used for
flow cytometry were: W6y32 (ATCC, anti-pan HLA class I
molecules when folded with human b2m), BBM.1 (ATCC, anti-
human b2m), HC10 (ref.40, anti-pan HLA class I heavy chain),
L31 (ref. 41, anti-HLA-C). Fluorescein isothiocyanate-F(ab9)2

goat anti-mouse IgG was the second reagent for staining. Anti-
CD54 (ICAM-1) and directly labeled mAbs against CD3 and
CD56 were purchased from Becton Dickinson.

Cytolytic Assays. The cytolytic activity of NK lines and clones
against the various HLA-C transfectants and mutants was as-
sessed in 5 hr 35S release assays (4 hr for the RMA-S targets) in
which effector cells were admixed with 5 3 103 [35S]methionine-
labeled targets at different effector-to-target cell ratios (EyT) in
U-bottomed microtiter plates. Assays were terminated by cen-
trifugation at 1,000 rpm for 10 min at 4°C and 100 ml of the
supernatant collected for liquid scintillation counting. Specific
lysis was calculated as follows % lysis 5 (cpm experimental well 2
cpm spontaneous release)y(cpm maximal release 2 cpm spon-
taneous release) 3 100. Spontaneous release was determined by
incubation of the labeled target cells with medium. Maximal
release was determined by solubilizing target cell in 0.1 M NaOH.
In all presented experiments the spontaneous release was ,25%
of maximal release. Each experiment was repeated 3 times. Error
was ,5% of the mean of the triplicates. In experiments where
NKIR-specific mAb was used to block MHCyNKIR interaction,
mAb was included in the medium to a final concentration of 2.5
mgyml.

RESULTS
Melanoma cell lines 1074 mel, 1106 mel, and 1259 mel are
b2m-deficient based on negative staining with mAb W6y32 (a
reagent that detects HLA class I proteins folded with human b2m)
and no detection of b2m protein in Western blots (11). The
staining profiles of these lines with mAbs against human b2m
(BBM.1), free HLA class I heavy chain (HC10), and HLA-C
(L31) as well as with W6y32 all overlapped the staining control
histogram (Fig. 1, shown for 1074 mel). Thus, 1074 mel, 1106 mel,
and 1259 mel lack cell surface expression of class I heavy
chain-b2m complexes, b2m, or free class I heavy chain. None of
these mAbs stained 1074 mel tumor cells, even when the cells
were preincubated with exogenous human b2m to mimic condi-
tions of free b2m in human serum (data not shown). Thus, no free
class I heavy chains were stabilized by exogenous b2m, a phe-
nomenon observed for some class I MHC alleles. The cell line
1190 mel is a control HLA class I positive melanoma line that
stained positively with all of the mAbs (Fig. 1).

Lysis of Different Melanoma Lines by NK Lines and Clones.
NK lines and clones were generated from healthy donors. Al-
though NK lines contain heterologous NK cells, they can display
HLA-allele specific inhibition of lysis. This specificity of NK lines
is defined functionally: NK1-specific lines are inhibited by target
cells expressing any HLA-C allele with Asn-77 and Lys-80 (e.g.,
Cw2, w4, w5, w6, recognized by NKIR1), whereas NK2-specific
lines are inhibited by the expression of HLA-C alleles with Ser-77
and Asn-80 (e.g., Cw1, w3, w7, w8, recognized by NKIR2). Thus,
both NK1- and NK2-specific lines will efficiently lyse 721.221 cells
(a class I-negative human B cell line). However, NK1 lines will
lyse Cw7-transfected 721.221 cells (721.221yCw7) but not
721.221yCw6 cells, and vice versa for NK2 lines (22). NK clones
are defined based on their NKIR expression as analyzed by flow
cytometry; four different NK clone types (NKIR11NKIR22,
NKIR12NKIR21, NKIR11NKIR21, and NKIR12NKIR22)
were employed.

The b2m-deficient melanoma lines 1074 mel, 1106 mel, and
1259 mel were lysed by all of the four different NK clone types
used in this study as well as by both NK1 and NK2 lines (Figs. 2,
3, and data not shown).The NK2 line and NKIR2 positive NK
clones, but not the NK1 line and NKIR2 negative NK clones, were
inhibited by the HLA-C positive melanoma line 1190 mel. In
accordance, 1190 mel was found to express HLA-Cw7 and Cw8

FIG. 1. Cell surface phenotypes of b2m-deficient 1074 mel and
b2m-positive 1190 mel melanoma lines. Tumor cells were incubated
with mAbs against human b2m (BBM.1, thick line), free HLA class I
heavy chain (HC10, thin line), HLA-C (L31, dot-dashed line) and pan
HLA class I heavy chain when folded with human b2m (W6y32, dashed
line). f luorescein isothiocyanate-goat-anti-mouse IgG was used as a
second antibody. As a staining control cells were incubated with the
second antibody alone (dotted line). Staining curves of 1074 mel cells
essentially overlapped the staining control histogram.
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(determined by HLA typing), both ligands for NKIR2. Moreover,
mAb to NKIR2, but not mAb to NKIR1, permitted lysis of 1190
mel by the NKIR2 positive NK clones (data not shown). Note
however that 1259 mel and 1190 mel were lysed to a greater extent
than 1074 mel and 1106 mel (Figs. 2 and 3). Patient 1074 is
HLA-A2.1 positive, and thus b2m-transfected 1074 mel cells were
lysed by HLA-A2.1-restricted anti-melanoma tumor infiltrating
lymphocytes (11). Such a tumor infiltrating lymphocytes line,
1200TIL, did not lyse the b2m-deficient 1074 cells or any of the
other melanomas (data not shown). Thus, sensitivity of these
melanoma lines to lysis by heterologous NK cells follows the
established rules for NK recognition and lysis (15–18).

NK Lysis Sensitivity of Melanoma Lines Is Correlated to Their
ICAM-1 Expression. The melanoma line LB33MEL.A1 was
derived from patient LB33 after surgery in 1988. LB33MEL.B1
was derived from a metastatic lesion removed from the same
patient in 1990. LB33MEL.A1 cells express HLA-A24, A28, B13,
B44, Cw6, and Cw7 while LB33MEL.B1 cells express only the
HLA-A24 allele (23). The HLA-Cw6 and Cw7 proteins expressed
by LB33MEL.A1 should inhibit lysis by NK1 and NK2 lines,
respectively. On the other hand, the HLA-C negative
LB33MEL.B1 cells should be lysed by both NK lines. However,
both LB33MEL.A1 and .B1 were poorly lysed by the NK1 and
NK2 lines shown in Fig. 3. A NKIR for which HLA-A24 is a

FIG. 2. Cytotoxicity of different NK clones against melanoma lines. NK clones were generated as described. NK clones are classified based on
their NKIR1 and NKIR2 expression as determined by flow cytometry using the mAb EB6 (NKIR1) and GL183 (NKIR2) (22). Different NK clones
with the same classification manifested similar lysis patterns, and each lysis point is the average lysis of two NK clones from the same group. Clones
were reacted with the indicated [35S]methionine-labeled target cells for 5 h. Data obtained at an EyT of 1y1 are shown. The range was under 5%
of the mean of triplicates in this and all following experiments (see Figs. 3, 4B, 5, and 6).

FIG. 3. Cytotoxicity of NK lines against melanoma lines. NK lines were generated as described. NK1-specific and NK2-specific lines were
obtained from donors OM and MM, respectively. Effectors were reacted with the indicated [35S]methionine-labeled target cells for 5 h and the
data obtained at an EyT of 10y1 are shown. The results shown in Figs. 3 and 5 are from the same experiment.
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ligand could be functionally expressed by these two NK lines,
therefore inhibiting lysis of LB33MEL.B1. However, an alterna-
tive explanation is available.

Metastatic or invasive melanoma cells can express high
levels of ICAM-1 (CD54) (24). However, tumor cells express-
ing higher levels of ICAM-1 are better targets for specific CTL
(25). Is the different sensitivity of the above melanoma lines to
lysis by NK cell also correlated with their ICAM-1 expression?
Indeed, the most sensitive lines 1259 mel and 1190 mel were
ICAM-1high, as was the NK-sensitive line 721.221 (Fig. 4A).
The less sensitive 1074 mel and 1106 mel were ICAM-1dull as
were the LB33MEL.A1 and -.B1 lines. To further test the
correlation, target tumor cells were incubated with anti-
ICAM-1 mAb, washed, and exposed to different NK lines (Fig.
4B). The mAb treatment reduced the lysis of the ICAM-1high

1259 mel and 721.221 cells but not the lysis of the ICAM-1dull

LB33MEL.B1 cells. The extent of lysis by NK lines of anti-
ICAM-1-treated 1259 mel and LB33MEL.B1 cells was similar.
Thus, the low level of lysis of the HLA-C-negative
LB33MEL.B1 melanoma line by different NK lines is probably
related to its low level of ICAM-1 expression.

Lysis of Melanoma Lines by LAK, T-LAK, and NK-LAK Cells.
LAK cells were described as antitumor effectors generated by
IL-2 treatment that can lyse nonspecifically transformed cells
regardless of MHC expression (26). The sensitivity of the mela-
noma lines to lysis by LAK and NK lines were therefore com-
pared. LAK cells, generated from a healthy donor, did not lyse
1074 mel and lysed to a very low extent 1106 mel and the HLA
positive 1190 mel (Fig. 5). Yet, 1259 mel was lysed by LAK cells
to the same extent as the LAK-sensitive Daudi cell line (a
prototypic b2m-negative human B cell line, Fig. 5). LAK cells
contain both CD31 and CD561 cells (27). T lymphocytes, but not
NK cells, express the CD3 complex; NK cells as well as a
subpopulation of T cells express the CD56 determinant (28).
Two-color staining of LAK cells with anti-CD3 and anti-CD56
revealed that just 10% of the cells manifested the NK phenotype
CD561CD32, while the other cells were CD3 positive T cells.
CD31CD561 T lymphocytes constituted only 3% of the cells. To
analyze the lytic activity of the NK and T components, LAK
were depleted with either anti-CD3 (and anti-CD4) or with
anti-CD561 to get NK-LAK (CD561CD32) or T-LAK

(CD31CD562), respectively. The purity of these populations
was confirmed by flow cytometry (data not shown). T-LAK
showed a lysis pattern similar to parental LAK cells (Fig. 5)
while NK-LAK lysed efficiently both the b2m-deficient lines
and the HLA positive line 1190 mel, a lysis pattern similar to
that of the NKIR12NKIR22 NK clones (Fig. 2).

Lysis of Autologous Tumor Cells and Primary Fibroblasts
by NK Lines. Peripheral blood NK activity could be signifi-
cantly reduced in cancer patients, due to either a reduction in
circulating NK cells or to a much higher proportion of NK cells
with suppressed lytic activity (14, 29). Thus, the potency of NK
lines derived from patients 1,074 and 1,106 bearing b2m-
deficient tumor lesions was examined. The 1074NK and
1106NK lines, derived from frozen PBMCs, showed a normal
pattern of growth and a potent lysis ability. They lysed both
autologous and heterologous b2m-deficient melanoma lines
(Fig. 6 and data not shown). Yet, autologous primary fibro-
blasts were not lysed by these NK lines (Fig. 6).

DISCUSSION
The central issue arising from this study is the need for a
supplement of NK activity in antitumor immunotherapeutic
protocols, particularly in those vaccine protocols inducing specific
antitumor T cell reactivity and in patients bearing HLA class
I-negative lesions. Since the primary tumor is usually removed
surgically, these vaccines mostly aim to induce immune reactivity
against metastatic lesions. However, class I expression is sup-
pressed partially or completely in a high percentage of secondary
lesions (8, 10). Whether the class I-negative tumor cells evolved
because of immunological or nonimmunological necessity, the
immunological outcome is the same; CTLs directed against
tumor peptide-class I MHC complexes will not lyse these tumor
cells. Five of thirteen melanoma patients studied for class I
expression of their cancer had class I-negative lesions due to the
loss of b2m expression (11). Further specific T cell therapy did not
affect those lesions. Class I-negative melanoma lines derived from
the lesions were not lysed by different tumor specific CTLs, unless
endogenous class I expression was reconstituted via transient
transfection of b2m-encoding gene (11). Incubation with exoge-
nous interferon-g did not restore the endogenous class I expres-
sion of these melanoma cells. Therefore, secretion of interferon-g

FIG. 4. Relationship of ICAM-1 to NK lysis. (A) Expression of ICAM-1 (CD54) on NK-high sensitivity and NK-low sensitivity cell lines. The anti-CD54
mAb (Becton Dickinson) as well as its isotype matched control (mouse IgG2b) were used. Fluorescein isothiocyanate-goat-anti-mouse IgG was used as
a second antibody. (B) Lysis of NK-high sensitivity and NK-low sensitivity targets. Cells, non- or pretreated with the anti-CD54 mAb, were washed and
incubated with NK lines 64 and 66 generated from healthy donors. Both NK lines manifested similar lysis patterns; the lysis by NK line 64 is shown. NK
effectors were reacted with the indicated [35S]methionine-labeled target cells for 5 h and the data obtained at an EyT of 10y1 are shown.
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from tumor specific T cells or other sources in a mixture of class
I-positive and -negative tumor cells could not cause these b2m-
deficient tumor cells to be lysed by the T cells. Conversely, those
lines were sensitive to lysis by diverse heterologous NK lines and
clones expressing different NKIR (Figs. 2, 3). On the other hand,
a control class I positive melanoma line was lysed selectively,
based on recognition of its class I alleles by the appropriate NKIR
on the NK cells (Figs. 2, 3). Thus, these melanoma lines display
in vitro the pattern of sensitivity to NK lysis shown by B cell lines
and do not manifest additional non-MHC based NK inhibitory

mechanisms. In addition, a correlation between susceptibility of
the different melanomas to lysis by primary NK lines and their
ICAM-1 expression was observed (Fig. 4). Similarly, ICAM-1
expression on murine target cells was a requirement for their lysis
by the human NK-leukemia YT2C2 (30). The observation that
class I MHC deficiency of tumor cells is a necessary but not
sufficient condition for efficient lysis by primary NK lines is a
probable obstacle for successful treatment of such tumor cells
with adoptive NK therapy. Additional studies are needed to
examine the importance of cell surface expression of ICAM-1

FIG. 5. Cytotoxicity of LAK and LAK subgroups against melanoma lines. LAK and LAK subgroups (NK-LAK and T-LAK) were generated
as described. LAK population contained 10% CD561CD32 NK-LAK and 87% CD562CD31 T-LAK cells. Effectors were reacted with the indicated
[35S]methionine-labeled target cells for 5 h and the data obtained at an EyT of 10y1 are shown. The results shown in Figs. 3 and 5 are from the
same experiment.

FIG. 6. Cytotoxicity of NK lines against autologous b2m-deficient melanoma lines and autologous primary fibroblasts. NK lines were generated
from frozen PBMC of patients 1074 and 1106 (1074NK line and 1106 NK line, respectively) as described in Materials and Methods. Primary fibroblasts
of patient 1074 (1074fibro) were generated from adherent PBMC, cultured in complete medium containing RPMI medium 1640 and 10% heat
inactivated fetal calf serum. Primary fibroblasts of patient 1106 (1106fibro) were generated from firmly adherent cells obtained from harvest of
subcutaneous lesion and cultured as before. Effectors were reacted with the indicated [35S]methionine-labeled target cells for 5 h and the data
obtained at an EyT of 10y1 are shown.
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andyor other adhesion molecules for the efficient lysis of HLA
class I-suppressed tumor cells by primary NK lines.

Previous experimental protocols aimed to strengthen the non-
specific antitumor activity of cancer patients involved adoptive
transfer of LAK cells with infusion of rIL-2 (31, 32). LAK cells,
contain both T (CD31) and NK (CD561CD32) cells (27). LAK
cells generated from different healthy human donors contain
90–95% CD31 T cells (33), a range consistent with the present
observations (Fig. 5 legend). Thus, the number of CD561CD32

NK cells in LAK is 10% or less, reflecting the average ratio of
CD31 T and CD561CD32 NK cells in PBMC (28) and indicating
that in vitro IL-2 treatment does not favor the proliferation of
either T or NK cells. However, the NK lines or NK-LAK were
much more potent killers of the b2m-deficient melanoma cells
than T-LAK (Figs. 3 and 5). Unseparated LAK showed the same
pattern of lysis as T-LAK; probably the low number of NK was
insufficient to manifest their lytic activity. Other cell line targets
have yielded similar data (27). In pretreated cancer patients, the
NK percentage varies from very low to higher than average (34).
Thus, a drawback of adoptive autologous LAK therapy, as
compared with adoptive autologous NK therapy, is the presence
of low-potency killer T cells in LAK cells cultured in vitro. This
dilution results in an order of magnitude less active cells in the
dosage inoculated into patients undergoing adoptive LAK ther-
apy.

Infusion of high dose rIL-2 into cancer patients can result in a
few-fold increase of the CD561CD32 NK cells in the PBMC, and
these NK cells are potent (35–37). However, the cell dose used for
adoptive LAK therapy ('1011 cells) (31) is one log higher than
the total circulating NK cells, even after in vivo rIL-2 modulation.
Moreover, adoptive LAK therapy in conjunction with high dose
IL-2 infusion, compared with IL-2 infusion alone, suggested a
trend toward increased survival of melanoma patients receiving
the combined therapy (32). High dose rIL-2 infusion might
induce life-threatening toxicities; thus, current experimental pro-
tocols, particularly tumor antigen-specific vaccines, often do not
include this rIL-2 infusion regimen. If a low dose rIL-2 protocol
is used, then the small selective up-modulation of NK is still
observed. However, these cells need further incubation with IL-2
in vitro to manifest potent lytic activity (36). As the result, low
dose or high dose rIL-2 infusions are not an optimal substitute for
adoptive autologous NK therapy.

NK lines are quite easy to establish from PBMC, are stable
for at least 3 months and can be frozen. Based on the protocol
described in Methods, PBMC harvested from one buffy coat
('5 3 108 cells) can be expanded within one month to
1010–1011 pure NK cells, the range of LAK or tumor-
infiltrating lymphocytes used for infusion (31, 38). Loss of class
I expression is a common phenotype within some cancers and
specific T cell therapy might augment emergence of such cells.
However, reinforcement with adoptively transferred autolo-
gous NK cells could prevent this outcome and, moreover, NK
therapy could yield positive bystander effects for specific T cell
therapy, i.e., activated NK cells are a major source of secreted
interferon-g which enhances antigen processing and presen-
tation by class I and II MHC molecules. Therefore, it might be
useful to consider adoptive NK therapy as a supplement in the
design of new cancer immunotherapies.

We thank Drs. S. A. Rosenberg and J. Wunderlich for providing
peripheral blood lymphocytes from patients and for helpful comments.
We also thank Dr. P. Coulie for providing LB33MEL.A1 and
LB33MEL.B1 cell lines. A.P. is a recipient of a Sara Belk Gambrell
fellowship from the Cancer Research Institute (New York). O.M. is a
recipient of a long-term European Molecular Biology Organization
fellowship. This research was supported by a National Institutes of Health
grant (CA 47554).

1. Boon, T., Coulie, P., Marchand, M., Weynants, P., Wolfel, T. &
Brichard, V. (1994) Important Adv. Oncol. 5, 53–69.

2. Melief, C. J. & Kast, W. M. (1995) Immunol. Rev. 145, 167–177.
3. Wang, R. F. & Rosenberg, S. A. (1996) J. Leukocyte Biol. 60, 296–309.
4. Bodmer, W. F., Browning, M. J., Krausa, P., Rowan, A., Bicknell,

D. C. & Bodmer, J. G. (1993) Ann. N.Y. Acad. Sci. 690, 42–49.
5. Cohen, E. P. & Kim, T. S. (1994) Semin. Cancer Biol. 5, 419–428.
6. Porgador, A., Feldman, M. & Eisenbach, L. (1994) Nat. Immun. 13,

113–130.
7. Garrido, F., Cabrera, T., Lopez-Nevot, M. A., Ruiz-Cabello, F.,

Cohen, E. P. & Kim, T. S. (1995) Adv. Cancer Res. 67, 155–195.
8. Ferrone, S. & Marincola, F. M. (1995) Immunol. Today 16, 487–494.
9. Maio, M. & Parmiani, G. (1996) Immunol. Today 17, 405–407.

10. Cordon-Cardo, C., Fuks, Z., Drobnjak, M., Moreno, C., Eisenbach, L.
& Feldman, M. (1991) Cancer Res. 51, 6372–6380.

11. Restifo, N. P., Marincola, F. M., Kawakami, Y., Taubenberger, J.,
Yannelli, J. R. & Rosenberg, S. A. (1996) J. Natl. Cancer Inst. 88,
100–108.

12. Klein, E. & Mantovani, A. (1993) Curr. Opin. Immunol. 5, 714–718.
13. Pross, H. F. & Lotzova, E. (1993) Nat. Immun. 12, 279–292.
14. Brittenden, J., Heys, S. D., Ross, J. & Eremin, O. (1996) Cancer 77,

1226–1243.
15. Lanier, L. L. & Phillips, J. H. (1996) Immunol. Today 17, 86–91.
16. Moretta, A., Bottino, C., Vitale, M., Pende, D., Biassoni, R., Mingari,

M. C. & Moretta, L. (1996) Annu. Rev. Immunol. 14, 619–648.
17. Colonna, M. (1996) Curr. Opin. Immunol. 8, 101–107.
18. Reyburn, H. T., Mandelboim, O., Gomez, M., Sheu, E. G., Pazmany,

L., Davis, D. M. & Strominger, J. L. (1997) Immunol. Rev. 155,
119–126.

19. Cudkowicz, G. & Bennett, M. (1971) J. Exp. Med. 134, 83–102.
20. Bix, M., Liao, N., Zijstra, M., Loring, J., Jaenisch, R. & Raulet, D.

(1991) Nature (London) 349, 329–331.
21. Porgador, A., Tzehoval, E., Vadai, E., Feldman, M. & Eisenbach, L.

(1995) Cancer Res. 55, 4941–4949.
22. Mandelboim, O., Reyburn, H. T., Gomez, M., Pazmany, L., Colonna,

M., Borsellino, G. & Strominger, J. L. (1996) J. Exp. Med. 184,
913–922.

23. Lehmann, F., Marchand, M., Hainaut, P., Pouillart, P., Sastre, X.,
Ikeda, H., Boon, T. & Coulie, P. G. (1995) Eur. J. Immunol. 25,
340–347.

24. Collins, K. A. & White, W. L. (1995) Am. J. Dermatopathol. 17,
429–438.

25. van de Stolpe, A. & van der Saag, P. T. (1996) J. Mol. Med. 74, 13–33.
26. Mule, J. J., Shu, S., Schwarz, S. L. & Rosenberg, S. A. (1984) Science

225, 1487–1489.
27. Phillips, J. H. & Lanier, L. L. (1986) J. Exp. Med. 164, 814–825.
28. Lanier, L. L., Le, A. M., Civin, C. I., Loken, M. R. & Phillips, J. H.

(1986) J. Immunol. 136, 4480–4486.
29. Uchida, A. (1995) Biotherapy 8, 113–122.
30. Azuma, M., Cayabyab, M., Buck, D., Phillips, J. H. & Lanier, L. L.

(1992) J. Immunology 149, 1115–1123.
31. Rosenberg, S. A., Lotze, M. T., Muul, L. M., Chang, A. E., Avis, F. P.,

Leitman, S., Lineuan, W. M., Robertson, C. N., Lee, R. E., Rubin,
J. T., Seipp, C. A., Simpson, C. G. & White, D. E. (1987) N. Engl.
J. Med. 316, 889–897.

32. Rosenberg, S. A., Lotze, M. T., Yang, J. C., Topalian, S. L., Chang,
A. E., Schwartzentruber, D. J., Aebersold, P., Leitman, S., Linehan,
W. M., Seipp, C. A., White, D. E. & Steinberg, S. M. (1993) J. Natl.
Cancer Inst. 85, 622–632.

33. Ortaldo, J. R., Mason, A. & Overton, R. (1986) J. Exp. Med. 164,
1193–1205.

34. Phillips, J. H., Gemlo, B. T., Myers, W. W., Rayner, A. A. & Lanier,
L. L. (1987) J. Clin. Oncol. 5, 1933–1941.

35. Weil, G., Fisch, P., Prieve, A. F., Sosman, J. A., Hank, J. A. & Sondel,
P. M. (1989) Cancer Res. 49, 3680–3688.

36. Caligiuri, M. A., Murray, C., Robertson, M. J., Wang, E., Cochran, K.,
Cameron, C., Schow, P., Ross, M. E., Klumpp, T. R., Soiffer, R. J., Smith,
K., A. & Ritz, J. (1993) J. Clin. Invest. 91, 123–132.

37. Ellis, T. M., Creekmore, S. P., McMannis, J. D., Braun, D. P., Harris,
J. A. & Fisher, R. I. (1988) Cancer Res. 48, 6597–6602.

38. Yannelli, J. R., Hyatt, C., McConnell, S., Hines, K., Jacknin, L.,
Parker, L., Sanders, M. & Rosenberg, S. A. (1996) Int. J. Cancer 65,
413–421.

39. Robertson, M. J., Manley, T. J., Donahue, C., Levine, H. & Ritz, J.
(1993) J. Immunol. 150, 1705–1714.

40. Little, A. M., Nossner, E. & Parham, P. (1995) J. Immunol. 154,
5205–5215.

41. Setini, A., Beretta, A., DeSantis, C., Meneveri, R., Martayan, A.,
Mazzilli, M. C., Appella, E., Siccardi, A. G., Natali, P. G. & Giaco-
mini, P. (1996) Hum. Immunol. 46, 69–81.

Immunology: Porgador et al. Proc. Natl. Acad. Sci. USA 94 (1997) 13145


