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ABSTRACT Human MHC class I-related molecules,
MICA and MICB, are stress-induced antigens that are rec-
ognized by a subset of yo T cells expressing the variable region
V;1. This functional association has been found to be limited
to intestinal epithelium, where these T cells are prevalent and
where MICA and, presumably, MICB are mainly expressed.
However, increased frequencies of V51 y6 T cells have been
observed in various epithelial tumors; moreover, MICA/B are
expressed on diverse cultured epithelial tumor cells. With
freshly isolated tumor specimens, expression of MICA/B was
documented in many, but not all, carcinomas of the lung,
breast, kidney, ovary, prostate, and colon. In tumors that were
positive for MICA/B, the frequencies of V51 y8 T cells were
significantly higher than in those that were negative. V51 yo
T cell lines and clones derived from different tumors recog-
nized MICA /B on autologous and heterologous tumor cells. In
accord with previous evidence, no constraints were observed
in these interactions, such as those imposed by specific peptide
ligands. Thus, MICA/B are tumor-associated antigens that
can be recognized, in an apparently unconditional manner, by
a subset of tumor-infiltrating yé T cells. These results raise
the possibility that an induced expression of MICA/B, by
conditions that may be related to tumor homeostasis and
growth, could play a role in immune responses against tumors.

Cytolytic T cell responses against tumors require the recog-
nition of specific peptides derived from tumor antigens in
association with MHC class I molecules by CD8" T cells
expressing a8 T cell receptors (TCRs). Such responses are
limited by antigenic peptides (1), which must be generated by
intracellular antigen processing (2), by their highly selective
binding to only some of the numerous polymorphic MHC class
I molecules (3), and by the often-impaired expression of MHC
class I on tumor cells (4). By contrast, T cells expressing yé
TCRs (5, 6) recognize antigens directly, with no requirement
for antigen processing or presentation (7-9). Recently identi-
fied ligands for human y8 T cells are MICA and MICB, which
are distantly related to MHC class I but are functionally
distinct. These molecules seem to have no role in the presen-
tation of intracellular peptide antigens; instead, they may
function as self-antigens that can be stress-induced (10). MICA
and MICB are closely related and functionally indistinguish-
able (10-12). Both are recognized by cytotoxic yd T cells
expressing the TCR variable region V1. Although the recog-
nition of MICA/B appears to be mediated by TCR engage-
ment, these interactions are unusual because T cells expressing
diverse y and & chain V;s1(D)J junctional sequences are
capable of recognizing these molecules (10). This common
antigen specificity may enable a subset of V51 8 T cells, which
are relatively infrequent and endowed with a limited TCR
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repertoire, to respond uniformly to expression of MICA/B as
a generic tissue distress signal that may be triggered by
infection, noxious conditions, or transformation.

Expression of MICA and, presumably, of MICB in normal
tissues is restricted mainly to intestinal epithelium (13). This
limited distribution correlates with increased frequencies of
Vsl y8 T cells in this site (14—16), which is opposed to their
usually low numbers in lymphoid organs and peripheral blood
(17). However, increased frequencies of these T cells also have
been found in various epithelial tumors, including lung, colon,
and renal cell carcinomas (18-21). Moreover, we have ob-
served that many cell lines of diverse epithelial tumor origins
express MICA/B (refs. 10 and 13; V.G. and T.S., unpublished
data). Hence, this evidence led us to investigate a potential role
of these molecules as tumor-associated antigens. As reported
here, expression of MICA/B was documented in many freshly
isolated specimens of carcinomas of the lung, breast, kidney,
ovary, prostate, and colon. Significantly increased frequencies
of V51 y8 T cells were found in tumors that were positive for
MICA/B, and V1 y8 T cell lines and clones derived from such
tumors recognized these molecules on diverse tumor cell lines
and on freshly isolated heterologous and autologous tumor
cells. These results provide a basis for further investigation of
the biology underlying the tumor-associated expression of
MICA/B and of their potential significance as antigens for V1
v6 T cells in an immune surveillance of tumors.

MATERIALS AND METHODS

Tumor and Lymphocyte Cell Suspensions and Flow Cytom-
etry. Specimens of carcinomas (of breast, lung, ovary, prostate,
colon, and kidney) were from resections undertaken for
diagnostic or therapeutic purposes at various institutions in the
United States and Brazil and were provided by Corixa Corp.
(Seattle, WA). The tumor specimens were diagnosed by his-
topathological and immunohistochemical criteria and con-
tained only malignant epithelium. Tumor samples were
minced, enzymatically digested for 12 h [using collagenase type
III (100 ug/ml), dispase (550 mg/ml), and DNase I (200
units/ml)] and sieved through wire mesh. Cell suspensions
were centrifuged in differential 100% and 75% Ficoll/
Hypaque (Pharmacia) gradients. Tumor cell and lymphocyte
fractions, collected from separate gradient interfaces, that
were of at least 80% purity as judged by microscopy were
cryopreserved until use. Thawed and washed tumor cell sus-
pensions were stained with mAb 6D4 (anti-MICA/B) or 2C10
(anti-MICA) or with Ig isotype-matched control antibody and
examined by indirect immunofluorescence by using a FACStar
flow cytometer (Becton Dickinson).

Abbreviations: MIC, MHC class I-related chain; TCR, T cell receptor.

TTo whom reprint requests should be addressed. e-mail: vgroh@
fred.therc.org or tspies@fred.fherc.org.

§Present address: Institut fiir Mikrobiologie und Hygiene, Technische
Universitat Miinchen, Trogerstrasse 32, 81675 Munich, Germany.



6880 Immunology: Groh et al.

Cell-Surface Labeling and Immunoprecipitation. These
procedures were carried out exactly as described, by using
biotinylation of cells with Sulfo-NHS-LC-biotin (Pierce) (13).
Aliquots of immunocomplexes were treated with N-glycanase
(PNGase F; New England Biolabs) as recommended by the
manufacturer, separated by SDS/PAGE, electroblotted onto
nitrocellulose, and reacted with avidin-horseradish peroxidase
(Vector Laboratories) (13).

Immunohistochemistry. Cryosections of diagnosed solid
tumor specimens and of normal tissues embedded in OCT
compound (Baxter Scientific Products, McGaw Park, IL) were
air-dried, fixed in cold acetone, quenched with H,O,, treated
with 5% goat serum in PBS, and incubated with a titered
dilution of mAb 6D4 (anti-MICA/B), mAb 35B8H11 (anti-
cytokeratin; Dako), or isotype-matched control Ig. Antibody
binding was visualized by using biotinylated goat anti-mouse Ig
(Dako), peroxidase-conjugated streptavidin (Zymed), and
diaminobenzidine (Polysciences) or the Envision System
(Dako). The images shown in Fig. 2 were generated with the
latter procedure. Slides were counterstained with hematoxylin,
dehydrated in graded alcohols, and mounted in xylene. Tissue
specimens were from Corixa Corp. and the Department of
Pathology, Fred Hutchinson Cancer Research Center. Their
use was conducted under protocols approved by the institu-
tional review board at the Fred Hutchinson Cancer Research
Center. Formalin-fixed and paraffin-embedded specimen sec-
tions of breast carcinomas and control tissue from reduction
surgery were provided by PhenoPath Laboratories (Seattle)
and processed with the Envision System as described by the
manufacturer (Dako).

Cell Lines, Transfectants, and Antibodies. The tumor cell
lines were from the American Type Culture Collection. Trans-
fectants of CIR cells expressing MICA or MICB have been
described (10, 13). The mAbs 2C10 and 6D4 are specific for
MICA and MICA/B, respectively, as shown by staining and
flow cytometry of various transfectants and of heat-shock-
induced and uninduced epithelial cell lines (10, 13); the
specificity of mAb 2C10 has been documented further by
immunoprecipitation of MICA from lysates of metabolically
labeled transfectants (13). Both mAbs inhibit V51 y8 T cell
responses against target cells expressing MICA or MICB (10).
The epitopes recognized by these mAbs are within the ala2
domains of MICA/B, as shown with transfectants expressing
mouse H-2D or K hybrid molecules in which various domains
had been replaced by the corresponding sequences of MICA
(ref. 13; V.G. and T.S., unpublished data). Antibodies used for
phenotyping or sorting of tumor T cell populations, T cell lines,
and clones were biotinylated or FITC-conjugated anti-CD3,
anti-TCR-a/B-1, anti-TCR-y/8-1 (Becton Dickinson), anti-
PanTCRYS$, anti-V82, and mAb 8TCS1 (anti-V;1) (Endogen,
Cambridge, MA). Second-layer reagents were phycoerythrin-
streptavidin (Becton Dickinson) or FITC-F(ab'), goat anti-
mouse Ig conjugates (BioSource International, Camarillo,
CA).

T Cell Lines and Clones, Cytotoxicity, and IFN-y Release
Assays. Frozen lymphocyte preparations from tumors were
thawed, washed, and seeded in 96-well round-bottom plates
(103 cells per well) and cultured with y-irradiated CIR-MICA
transfectants (2 X 10* cells per well) in RPMI 1640 medium
with 8% FBS, 2% pooled human serum, rhIL-2 (2 units/ml;
Chiron), rhIL-7 (10 ng/ml; a gift of N. Vita, Sanofi Recherche,
France), phytohemagglutinin (0.5 ug/ml; Difco), glutamine,
and antibiotics (10). V51 y8 T cell lines were sorted from
pooled lymphocytes after 1 week by using mAb §TCS1 and a
FACS VANTAGE cell sorter (Becton Dickinson) and grown
as above with weekly restimulations. After 3 weeks, T cells
were phenotyped by antibody stainings and functionally tested.
Long-term T cell cultures were in the additional presence of
irradiated allogeneic peripheral blood mononuclear cells. T
cell clones were derived after the first week of lymphocyte bulk
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culture by sorting directly into 96-well plates (0.5 cells per
well). The ap T cell lines and the ovary tumor-derived V52 y8
T cell line and clones were seeded by sorting, by using mAbs
anti-TCR-a/B-1 and anti-V§2, respectively, and grown under
the same conditions. The chromium-release assays and treat-
ment of target cells with mAb 2C10 or mAb 6D4 were as
described (10). Secretion of IFN-y was measured with equal
numbers of T cells and irradiated mock C1R cells or stimulator
CI1R-MICA transfectants, or autologous or allogeneic tumor
cells that were positive for MICA/B (each, 10° irradiated cells
and T cells per well). Phorbol myristate acetate (1 ng/ml;
Sigma) and rhIL-2 (2 units/ml; Chiron) were included. Cyto-
kine levels were determined after 48 h by ELISA with matched
antibody in relation to cytokine standard pairs (R & D
Systems). For inhibition experiments, stimulator cells were
mixed with titered amounts of mAb 6D4 or Ig isotype-matched
control mAb shortly before addition of T cells.

Reverse Transcription-PCR and ¢cDNA Sequence Analysis.
RNA was prepared from T cell clones by using STAT-60
reagent (Tel-Test, Friendswood, TX) and cDNA synthesized
with oligo(dT) and avian myeloblastosis virus reverse tran-
scriptase (Promega). TCR-8 chain sequences were amplified
by PCR by using Taq polymerase (Pharmacia) and specific
primers for V3l (5'-CCGTCGACGTCAACTTCAA-
GAAAGCAGC-3") and C; [biotin-(5'-GTAGAATTCCT-
TCACCAGAC-3")] in 30 cycles (30 s at 95°C, 20 s at 56°C, and
60 s at 72°C) (10). PCR products were sequenced directly by
using a dye terminator cycle-sequencing kit (Perkin-Elmer).
Because of space limitations, the sequences are not shown but
will be made available on request.

RESULTS AND DISCUSSION

Tumor-Associated Expression of MICA and MICB. Expres-
sion of MICA/B in solid epithelial tumors was tested with cell
suspensions prepared from a number of freshly isolated tumor
specimens by using flow cytometry and the mAbs 6D4 and
2C10, which bind to epitopes on the ala2 domains of MICA /B
and MICA, respectively. The reactivity of these mAbs has been
documented by flow cytometry by using various transfectants
and stress-induced or uninduced tumor cell lines (mAbs 6D4
and 2C10) and by immunoprecipitation of metabolically la-
beled MICA (mAb 2C10) (10, 13). With epithelial tumor cell
lines, the specificity of mAb 2C10 was supported further by
immunoprecipitation of surface-labeled MICA (Fig. 14). The
tumor specimens examined were diagnosed by standard his-
topathological and immunohistochemical criteria and con-
tained only malignant epithelium. By cytokeratin staining, the
purified tumor suspensions consisted of at least 80% epithelial
cells, which, by inference, were tumor cells. Significant pro-
portions of cells positive for binding of mAb 6D4 were seen in
some, but not all, samples of breast (2/10), lung (2/6), ovary
(5/6), prostate (2/4), renal cell (2/2), and colon (4/5) carci-
nomas. Representative fluorescence profiles are shown in Fig.
1 C and E-G. The staining intensities were heterogeneous,
with about 40-70% of cells showing intermediate to high levels
of expression of MICA/B. Similar results were obtained with
mAb 2C10, except each one of the colon and renal cell
carcinoma suspensions that were positive for binding of mAb
6D4 were not reactive with mAb 2C10. With both mAbs,
negative tumor cell populations showed no more staining than
with isotype-matched control Ig (Fig. 1 B, D, F, and G).

These results were refined by immunohistochemistry by
using mAb 6D4 and sections made from frozen or formalin-
fixed tumor and control tissue specimens. In an initial, exten-
sive tissue screen, no staining was observed in skin, lung, tonsil,
liver, kidney, adrenal gland, ovary, and prostate, whereas
intestinal epithelium was consistently positive. Also negative
were peripheral blood mononuclear cells examined by flow
cytometry (data not shown). With breast tumors, however,
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Fic. 1. Surface expression of MICA on epithelial tumor cell lines
and of MICA/B on freshly isolated tumor cells. (4) Immunoprecipi-
tation of MICA with mAb 2C10 from lysates of surface-biotinylated
HCT116, Lovo, DLD-1 (colon carcinomas), Hela (cervical carcino-
ma), and U373 (astrocytoma) tumor cell lines. Immunocomplexes
were left untreated (—) or were treated (+) with N-glycanase before
SDS/PAGE. Labeled proteins on immunoblots were visualized with
avidin-horseradish peroxidase. MICA is heavily glycosylated and has
a polypeptide backbone of 43 kDa (11, 13). These results were in
accord with previous data obtained with the anti-MICA mAb 56 by
using transfectants and epithelial cell lines (13). Hela cells are ho-
mozygous for a truncated variant of MICA of 38 kDa that lacks the
cytoplasmic tail. This variant corresponds to allele 008, as determined
by reverse transcription-PCR and direct cDNA sequencing (unpub-
lished data) (24). (B-G) Tumor cell suspensions prepared from lung
(B and C), prostate (D and E), ovary (F), and colon carcinomas (G)
were stained with mAb 6D4 (solid profiles) or with isotype-matched
Ig (open profiles) and examined by flow cytometry. B and D show
examples of tumor cell preparations that were negative for binding of
mAb 6D4 whereas C and E-G show positive stainings. These data are
representative of the range of staining intensities seen with all of the
tumor samples tested. Similar results were obtained with mAb 2C10.

sections from 7 of 20 different tumor specimens gave positive
stainings of pathologically discernible tumor cells, which was
contrasted by the absence of staining of connective tissue (Fig.
2B). By contrast, all of the six paired and seven unpaired
normal tissue controls showed no significant staining (Fig.
2A). Moreover, each two of two lung and renal cell, two of
three ovary, and two of two prostate carcinomas were positive,
whereas the tissue-matched unpaired controls (in numbers of
3,3, 1, and 2, respectively) were negative (Fig. 2 C-F; data not
shown). Thus, together with the flow cytometry data, these
results indicated that MICA/B were expressed in substantial
numbers of epithelial tumors with no restriction to tumor type.

Relative Frequencies of Tumor-Derived V;1 8 T Cells and
Recognition of MICA/B. We investigated relationships be-
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tween tumor expression of MICA/B and their potential func-
tion as T cell antigens. Among the lymphocytes extracted from
13 tumor specimens (2 breast, 2 lung, 3 ovary, 2 prostate, 1
renal cell, and 3 colon) that were positive for binding of mAb
6D4 by cell-suspension staining, the frequencies of Vsl y6 T
cells (detected with mAb 6TCS1) among all yé T cells (de-
tected with mAb anti-TCR-vy/8-1) were 35-100% (mean 63%)
(Table 1). By contrast, among nine tumor specimens (six
breast, two lung, and one prostate) that were negative for
staining with mAb 6D4, the frequencies of V51 y6 T cells were
2-40% (mean 17%). With all tumors, the proportions of y6 T
cells of CD3" T cells were 1-16% (mean 4.4%), within the
normal range (0.5-15%; mean 5%) defined previously in
peripheral blood (17) (Table 1). Thus, the frequencies of V51
v T cells in proportion to all y8 T cells correlated positively
with tumor expression of MICA/B. These frequencies were
statistically significantly higher (P < 0.0001, Wilcoxon rank-
sum test) than in the tumors that were negative for MICA/B.
Thus, these results provided indirect support for a functional
association between tumor-derived Vsl y8 T cells and their
putative antigens, MICA/B.

For functional testing, T cell lines were established from
carcinomas of the breast, lung, ovary, and colon. The tumor
specimens selected were positive for MICA/B by cell-
suspension stainings with the mAbs 6D4 and 2C10. Extracted
and purified bulk lymphocytes were cultured in the presence
of cytokines and irradiated CIR transfectants expressing
MICA. Vsl y8 T cells were isolated after 1 week of culture by
cell sorting and expanded. In parallel, CD8* a3 T cell lines and
a V52 y8 T cell line were established from the same lymphocyte
preparations derived from the four tumors and from the ovary
carcinoma, respectively. The surface-marker phenotypes of the
T cell lines were confirmed after 3 weeks of expansion (data
not shown). In functional assays, all of the four V51 8 T cell

Table 1. Proportions (in %) of Vsl 8 T cells of all y6 T cells in
tumors positive or negative for MICA/B and of y8T cells (in %) of
CD3* T cells

Tumor mAb 6D4 % 8T cells % Vsl v cells
CT-001-97 + 3 80
CT-046-98 + 15 46
CT-183-73 + 7 67
BT-046-99 - 2 25
BT-086-22 - 3 40
BT-086-38 - 2 21
BT-140-73 - 3 9
BT-183-26 - 1 10
BT-183-43 - 4 20
BT-183-76 + 4 51
BT-238-29 + 16 100
LT-086-36 - 2 2
LT-086-49 - 2 2
LT-140-26 + 2 60
LT-140-66 + 1 55
OT-183-83 + 2 80
OT-183-93 + 2 51
0T-238-01 + 4 35
PT-140-63 + 6 65
PT-183-87 - 2 20
PT-391-97 + 10 55
RT-046-29 + 4 70

Representative examples for tumor cell suspensions positive or
negative for binding of mAb 6D4 are shown in Fig. 1. The frequencies
of V51 y8 T cells of all yd T cells in MICA/B™ tumors were statistically
significantly higher (P < 0.0001, Wilcoxon rank-sum test) as com-
pared with the tumors that were MICA/B~. All samples were positive
for binding of mAb W6/32 (anti-HLA-A, -B, and -C). Examined were
carcinomas of colon (CT), breast (BT), lung (LT), ovary (OT),
prostate (PT), and renal cell (RT).
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FIG. 2. Immunohistochemical detection of MICA/B in epithelial tumors by staining with mAb 6D4. (4) Normal breast tissue. (B) Breast
carcinoma. (C) Lung carcinoma. (D) Normal kidney. (E) Renal cell carcinoma. (F) Ovary carcinoma. Sections in 4 and B and C-F were from
paraffin-embedded and frozen specimens, respectively. Nuclei were counterstained with hematoxylin (see Materials and Methods). These images
were representative of stainings of numerous control tissue and tumor specimens. See text for further explanation.

lines (BT&1, LTé1, OT61, and CTé1) were cytotoxic against
CIR-MICA and CIR-MICB transfectants but not against
untransfected CIR cells. Selected data representative of mul-
tiple experiments with these T cell lines are shown in Fig. 3
A-D. These responses were inhibited when target cells were
treated with mAbs 2C10 or 6D4, whereas addition of isotype-
matched control Ig or of the anti-HLA mAb W6/32 as a
cell-binding control mAb had no effect (Fig. 3 A-D; data not
shown) (22). By contrast, none of the CD8* «af T cell lines
were cytotoxic against the C1R-MICA or C1R-MICB targets.
Fig. 3E shows representative data obtained with the breast
tumor-derived T cell line (BTaB). The V2 y8 T cell line was
cytotoxic against CIR cells, as has been noted previously with
Daudi cells (23), but there was no enhanced activity against the
CIR-MICA transfectants (Fig. 3F). No unspecific T cell
inhibition was observed in the presence of mAb 6D4 (data not
shown). Thus, these results supported previous evidence in-
dicating that T cell recognition of MICA /B was confined to the
Vsl subset of y6 T cells and showed that T cells with this
reactivity could be derived from tumors in which MICA/B
were expressed.

Recognition of MICA and MICB on Heterologous and
Autologous Tumor Cells. The potential relevance and limita-
tions of these T cell responses were tested by using tumor cell
lines and freshly isolated tumor cells. The ovary tumor-derived
OTé61 T cell line was cytolytic against a panel of unrelated
tumor cell lines derived from ovary (OV-1063 and SW626),
prostate (DU145 and PC-3), colon (HCT116, Lovo, DLD-1,
and SW480), liver (HepG2), and cervical (Hela) carcinomas
that were positive for expression of MICA/B by staining with
mADbs 6D4 and 2C10 and/or by immunoprecipitation of MICA
with mAb 2C10 from lysates of surface-labeled cells (Figs. 1.4
and 4 A and B; data not shown). In all cases, the T cell
responses were inhibited by mAb 6D4 but not by isotype-
matched control Ig. The selected data shown in Fig. 4 A and

B also were representative of additional experiments in which
the BT&1 and LTé1 T cells derived from the breast and lung
tumors, respectively, were tested. Corresponding results were
obtained with two V1 y8 T cell clones from different ovary
tumors, which were assayed for IFN-vy release after 48 h of
stimulation with breast, lung, or autologous or allogeneic ovary
tumor cells. These tumor cells were from cell-suspension
preparations that were stored frozen and were thawed and
used directly, without prior exposure to culture medium; they
were selected for positive staining with mAb 6D4. The mea-
sured responses were similar to those that were seen with the
CIR-MICA transfectants but not with CIR cells and were all
inhibited in the presence of mAb 6D4 (Fig. 4C). Thus,
MICA/B were recognized on autologous and diverse het-
erologous tumor cells with no apparent specificity con-
straints associated with any of the many different tumor cells
tested.

The diversity of the Vsl y8 T cells capable of recognizing
MICA/B was examined after direct seeding of clones by
sorting from the tumor-derived bulk lymphocytes and expan-
sion. The clones selected for 6-chain cDNA sequencing showed
significant cytotoxic activities against CIR-MICA targets. The
38 sequences derived from the breast, lung, ovary, and colon
carcinomas included 12 different 8-chains that were allocated
in numbers of 6 of 10, 2 of 11, 3 of 7, and 1 of 10, respectively,
and showed no apparent junctional region similarities (data
not shown; see Materials and Methods). Because paired pe-
ripheral blood samples were not available for analysis, it was
not possible to examine whether these oligoclonal sequences
were associated with selective expansion or retention of the
V51 8 T cells in tumor sites. However, in accord with previous
data (10), these results indicated that MICA/B can be recog-
nized by a substantial subset of V51 y8 T cells that remains to
be defined.
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F1G. 3. Specific recognition of MICA/B on CIR transfectants by
the V51 y8 T cell lines BT81, LTé1, and OT$81 derived from carcinomas
of breast, lung, and ovary, respectively (4-D). The data from chro-
mium release assays shown were representative of numerous experi-
ments with these T cell lines and others derived from prostate and
colon carcinomas, which all were tested against the CIR-MICA and
C1R-MICB targets. Cytotoxicity was inhibited in the presence of mAb
2C10 (anti-MICA) or mAb 6D4 (anti-MICA and -MICB) but not with
control Ig. (E) No responses were seen with the tumor-derived CD8*
af T cell lines; as one example, data obtained with the breast
tumor-derived BT« line are shown. (F) The ovary tumor-derived V52
v8 T cell line (OT62) showed no increased response against C1R-
MICA targets. E:T, effector-to-target cell ratio. See text for further
explanation.

CONCLUSIONS

The data presented show that MICA/B, which, under normal
conditions, have a limited tissue distribution in intestinal epithe-
lium, are expressed in many epithelial tumors independent of
tumor type. This raises the question of whether a similar regu-
lation may underlie this shared expression. Cultured epithelial
tumor cells express intermediate to large amounts of MICA/B,
which is associated with proliferation and is independent of
cellular stress (10, 13). With nonproliferating cells grown at high
confluency, however, the expression levels are low but can be
increased strongly by heat shock and, presumably, other types of
stress (10). Thus, tumor-associated expression of MICA /B could
be induced by conditions related to tumor homeostasis and
growth. It will be of interest to identify tumor-biology parameters
and molecular markers that may be associated positively or
negatively with expression of MICA/B.

The results confirm and extend previous evidence that
indicated a specific functional association between T cells in
the V51 yd T cell subset and MICA/B. This is supported
further by the increased numbers of these T cells in tumors
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F1G.4. Vsl y8 T cells recognized MICA /B on epithelial tumor cell
lines and on heterologous and autologous tumor cells. (4 and B)
Cytotoxicity of the ovary tumor-derived OT&1 T cell line against
HCT116 and Lovo (colon carcinoma cell lines), OV-1063 (ovary
carcinoma cell line), and DU145 (prostate carcinoma line) was inhib-
ited by mAb 6D4. Addition of isotype-matched control Ig had no effect
(data not shown). The target cell lines expressed MICA/B by staining
with mAb 6D4 (ref. 10; data not shown). Similar results were obtained
with other tumor-derived Vsl 8 T cell lines and additional tumor cell
line targets (see text). E:T, effector-to-target cell ratio. (C) MICA/
B-induced release of IFN-y by the OT61.1 T cell clone was inhibited
in the presence of mAb 6D4 but not of isotype-matched control Ig.
Release of IFN-y (ng/ml) after 48 h of T cell stimulation was
quantitated by ELISA (see Materials and Methods). Stimulator cells
were C1R-MICA transfectants or tumor cell preparations from breast,
lung, or heterologous or autologous ovary carcinomas. Similar results
were obtained with another Vsl y8 T cell clone derived from a
different ovary tumor.

expressing these molecules. The recognition of MICA/B on all
of the diverse tumor cells tested argues against an association
of these molecules with self-antigen-derived peptide or non-
peptide ligands, which is in agreement with the previous model
suggesting a function as self-antigens (10). It is apparent that
the V51 v8 T cell responses share similarities with those of
natural killer cells. However, although the latter usually are
inhibited by binding of inhibitory receptors to MHC class I
molecules on target cells, we have not observed similar effects
with the V51 y8 T cells. Further studies will be required to
determine the in vivo activation phenotypes of these T cells and
to define the signaling and costimulatory molecules that are
necessary for triggering the cytolytic response. In addition, a
link between TCR-y and -6 chain sequences and the recogni-
tion of MICA/B remains to be firmly established.
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The physiological role and in vivo effector functions of Vsl
v8 T cells are unknown, and no antigens except MICA/B have
been identified. However, the tumor-associated expression of
MICA/B and their apparently unconditional recognition by
these T cells, independent of specific processing and ligand
association requirements, suggest potential functions as com-
ponents of an innate immune surveillance of tumors.
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