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Abstract
We have explored MICA/B expression and its relationship with innate inflammatory infiltrate in renal cell carcinoma
(RCC). The expression of MICA/B, CD16, CD56, and CD68 in 140 RCC lesions contained in a tissue microarray (TMA)
was investigated by immunohistochemistry. MICA/B gene and protein expressions in Caki-1 cells were analyzed by reverse
transcription–polymerase chain reaction and flow cytometry, respectively. Natural killer (NK) cells were studied by flow
cytometry. All the RCC lesions (n = 140) were MICA/B–positive. MICA/B was mainly expressed in the cytoplasm of tumor
cells, whereas stromal cells were negative. Renal cell carcinoma lesions showed low NK cell infiltration, although they were
rich in CD16+CD56− cells, strongly resembling macrophages. CD16+ macrophage infiltration was more frequently detect-
able in metastatic lesions compared with primary tumors (P = .0223) and was associated with poor RCC differentiation
(P = .007). To investigate mechanisms potentially underlying the lack of NK cells infiltration into MICA/B–positive RCC
lesions, we used Caki-1 RCC cells. Caki-1 expressed MICA and MICB genes. However, MICA protein was not detectable
in Caki-1 cells, whereas MICB protein was detectable in their cytoplasm and on the cell membrane. Coculture of peripheral
blood mononuclear cells with Caki-1, K562, HCT116, respectively, resulted in CD56+CD16+ NK cells deletion without af-
fecting CD56+/CD16− NK subset and immature NK cells generated in vitro from CD34+ cells. Natural killer cell apoptosis
seemed to be preferentially triggered by cancer cells because HLA-A0201+ NK cells were only marginally affected by al-
logeneic HLA-A0201− peripheral blood mononuclear cells. Caki-1 cell–mediated NK cell apoptosis was reduced by an
anti–β2-integrin (CD18) monoclonal antibody but was NKG2D-, granule exocytosis–, and caspase-independent.
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Introduction anti-NKG2D mAbs were purchased from R&D Systems (Abingdon,

Advanced renal cell carcinoma (RCC) is a fatal disease with a median
survival of approximately 1 year [1,2]. Nevertheless, RCC is consid-
ered to be a malignancy potentially susceptible to innate and adaptive
immune responses of the host because a small subset of patients with
advanced disease achieves spontaneous or immunotherapy-induced
complete remission [3–5]. The cellular and molecular mechanisms
underlying these complete remissions are not completely understood,
although a variety of inflammatory cells including T and Natural killer
(NK) cells have been identified in RCC lesions [6].
Approximately 90% of RCC lesions express HLA-class I antigens

[7]. According to the missing self hypothesis [8,9], the immunolog-
ical control of RCC is likely to be ascribed to T cells rather than to
NK cells because NK cell’s cytotoxicity is negatively regulated by
HLA-class I expression on malignant cells through its interaction
with killer inhibitory receptors (KIRs) [10]. However, recent find-
ings have underlined that de novo expression of NKG2D ligands
(NKG2DLs) on HLA-class I antigen–positive malignant cells re-
stores sensitivity to NK cell–mediated cytotoxicity despite HLA
matching [11], thus reevaluating the potential role of NK cells in
controlling HLA-class I–positive malignancies [12].
Nonclassic HLA-class I antigen–related molecules MICA and

MICB are major ligands of NKG2D and are often expressed on can-
cer cells. They share 84.3% of amino acids sequence identity and are
highly polymorphic.
The expression of NKG2DLs, MICA/B, and its relationship with

infiltration of the tumor microenvironment by inflammatory cells in
RCC specimens have not clearly been investigated so far. Using a
home-made monoclonal antibody (mAb) recognizing a common epi-
tope of MICA and MICB (MICA/B–specific), WW6B7, we stained
a tissue microarray (TMA) composed of 140 RCC lesions: we pres-
ent evidence that cultured renal cancer cells and clinical RCC speci-
mens express MICA/B. Most interestingly, however, these tumors are
characterized by inflammatory infiltrates poor in NK cells and en-
riched in CD16+ macrophages. Infiltration of RCC lesions by these
cells may have clinical significance because it is associated with ad-
vanced stage of the disease and poor grade of differentiation. Data
from in vitro model developed to address underlying mechanisms
suggest that these finding may reflect NK cell deletion by RCC cells
due to apoptosis involving β2-integrin, CD18–mediated interaction.
Materials and Methods

Cell Lines
The RCC cell line Caki-1, the NK cell–sensitive myeloid cell line

K562, the cervical carcinoma cell line HeLa, the melanoma cell line
D10, and the colorectal carcinoma (CRC) cell line HCT116 were
cultured in OptiMem reduced serum medium (Invitrogen, Carlsbad,
CA) supplemented with 5% FBS.

Antibodies and Reagents
The generation and the specificity of the MICA/B mAb, WW2G8,

have been described elsewhere [11]. The MICA/B mAb WW6B7 was
generated in our laboratory using the methodology of Kohler and
Milstein [13]. The specificity of mAb WW6B7 was determined by
Western blot and flow cytometry analysis of MICA+ and MICA− cell
lines and MICB+ and MICB− transfectants. Allophycocyanin (APC)-
conjugated anti-MICB, phycoerythrin (PE)-conjugated anti-MICA and
United Kingdom). Biotinylated anti-CD16, biotinylated anti-CD56,
and matching isotype mouse mAbs were purchased from DAKO
(Glostrup, Denmark) and Novocastra (Newcastle, United Kingdom).
Fluorescein isothiocyanate (FITC)–conjugated anti-FcγIII (anti-CD16),
PE-conjugated anti-CD56, peridinin chlorophyl protein–conjugated
anti-CD56, APC-conjugated anti-CD3 mAbs, FITC-conjugated
goat–anti–mouse immunoglobulin G (IgG) F(ab)2 antibodies, and
annexin V–FITC apoptosis detection kit I were purchased from BD
Bioscience (San Jose, CA). Magnetic bead–conjugated anti-CD34
and anti-CD56 mAbs were purchased fromMiltenyi Biotec (Miltenyi
Biotech, Bergisch Gladbach, Germany). Purified anti-CD18 was pur-
chased from BD Bioscience. Interleukin 2 (IL-2) and stem cell factor
(SCF) were purchased from Hoffmann-LaRoche (Basel, Switzerland)
and Peprotech (Rocky Hill, NJ), respectively. Concanamycin A was
purchased from Sigma Chemical, Co. (St. Louis, MO). The general
caspase inhibitor, Z-VAD-FMK, was purchased from BD Bioscience.

Cell Isolation Activation and Expansion
Peripheral blood mononuclear cells (PBMCs) were isolated by

Ficoll-Hypaque density gradient separation. Cells were cultured in
RPMI 1640 medium supplemented with 10% fetal calf serum, glu-
tamine (2 mM), and gentamicin, thereafter referred to as complete
medium (CM).

Healthy stem cell donors gave permission for a fraction of their
CD34+ cells to be used for research under institutional review
board–approved National Hearth Lung and Blood Institute (National
Institutes of Health, Bethesda, MD) stem cell allotransplantation
protocols. CD34+ cells were isolated as previously described [11,14],
counted, and frozen in liquid nitrogen until use. CD34+ cells were
then cultured in CM in 96-well U-bottom plates (Costar, Corning,
NY) for 21 days. Cells were stimulated every 5 days with 50 ng/ml
SCF and recombinant IL-2 (200 U/ml). To obtain a purified CD56+

cell population, CD34+ cells cultured in SCF and IL-2 or PBMC
stimulated for 4 days with IL-2 were stained with magnetic bead–
conjugated anti-CD56 mAb (Miltenyi Biotech) and passed through
a magnetic column. In the absence of magnet, a vigorous mechanic
pressure sufficed to elute CD56+ cells retained in the column.

Reverse Transcription–Polymerase Chain Reaction
Total RNA was extracted from 3 × 106 cultured cells using a Qiagen

(Basel, Switzerland) RNeasy kit. Complementary DNA (cDNA) first
strand was produced using a SuperScript First-Strand Synthesis Sys-
tem using oligo(dt)12-18 antisense primers (Invitrogen, Lucerne, Swit-
zerland). MICA and MICB transcripts were amplified from cDNA
by 30 cycles of polymerase chain reaction in the presence of the
following primers: MICA/MICB sense primer (5′ACACCCAGCAG-
TGGGGGGAT3′); MICA antisense primer (5′GCAGGGAATTG-
AATCCCAGCT3′); and MICB antisense primer (5′AGCAGTCGT-
GAGTTTGCCCAC-3′) [15]. The amplification conditions consisted
of denaturizing (95°C for 60 seconds), followed by annealing (56°C
for 60 seconds), and extension (72°C for 60 seconds). Amplified frag-
ments were analyzed in 1.5% agarose gel electrophoresis in the pres-
ence of ethidium bromide (Sigma).

Flow Cytometry
Magnetically sorted CD56+ cells were cultured in CM in the pres-

ence of Caki-1 cells for 8 to 12 hours at 37°C in a 5%CO2 atmosphere.
Nonadherent cells were harvested and stained with a PE-conjugated
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anti-CD56 and with an APC-conjugated anti-CD3 mAbs for 30 min-
utes at 4°C. Cells were washed twice in PBS and stained for 15 minutes
in the dark at room temperature in the presence of FITC–annexin V
and propidium iodide diluted in 0.5 ml of an appropriate buffer. On
the basis of a profound difference between NK cell and Caki-1 cell size
scatter, cells were analyzed after three- to four-color staining by defin-
ing an electronic gate on lymphocytes area using a FACSCalibur
flow cytometer (Becton-Dickinson). For the analysis of the impact of
PBMC on allogeneic NK cells, HLA-A0201− and HLA-A0201+

PBMC from healthy donors were cultured in the presence of IL-2
for 5 days. Cells were then mixed and cultured for 8 to 12 hours, har-
vested and stained with an APC-conjugated anti-HLA-A0201 mAb,
and PE-conjugated anti-CD56 mAb and a PE-Cy5–conjugated anti-
CD16 mAb. Cells were washed and stained with FITC-conjugated
annexin Vas above indicated. Natural killer cells apoptosis was detected
by posting an electronic gate on HLA-A0201+ CD16+ cells. To exclude
CD16+ small monocytes, we analyzed only CD56+annexin V+ cells.

Relative apoptosis units (RAUs) were calculated giving 100 apop-
tosis units to the annexin V + NK cell value obtained in the presence
of cancer cells at PBMC/cancer cell ratio of 4:1. Then, RAUs were
calculated as follows: RAU = % of annexin V + NK cells without
cancer cells/% of annexin V + NK cells with cancer cells × 100.
Proliferation Assays
Peripheral blood (PB) CD56+ cells and immature CD56+ cells were

magnetically sorted and cultured (1.5 × 105/ml) in the presence of
K562 cells at a 2:1 effector/target ratio. After a 3-day culture at 37°C,
CD56+ cells were magnetically sorted and counted. Then, 100-μl
aliquots of cell cultures depleted of CD56+ cells were transferred in
a 96-U/well containing 100 μl of fresh CM and incubated for 2 days
at 37°C in a 5% CO2 atmosphere. Cells were then pulsed with tritiated
thymidine (3H-TdR; 1 μCi/well; Amersham Biosciences, Piscataway,
NJ). After an additional 18-hour incubation at 37°C, 3H-TdR incor-
poration was measured using a beta scintillation counter.
RCC Specimens and TMA
TMAs were constructed using formalin-fixed, paraffin-embedded

tissue blocks from RCC resections representing part of the tissue
specimen collection of the Institute of Pathology, University of Basel
(Basel, Switzerland). Representative regions of each tumor were iden-
tified using hematoxylin and eosin–stained slides from each block.
Tissue cylinders with a diameter of 0.6 mm were punched from
the tumor areas of each block (RCC punches) and transferred into
a recipient paraffin block using a home-made semiautomated tissue
arrayer. MICA/B was detected using mAb WW6B7 and a secondary
biotinylated rabbit–anti–mouse IgG antibody. CD16 and CD56 were
detected by staining with biotinylated anti-CD16 and anti-CD56
mAbs. One hundred forty RCC lesions were evaluated in this study.
To evaluate correlation with tumor grade, 130 RCC lesions were
included in the analysis, whereas 10 RCC lesions were excluded be-
cause no grading information was available. For tumor stage, we in-
vestigated 121 RCC lesions divided as follows: 43 were identified as
primary and 78 were identified as metastatic RCC. Nineteen speci-
mens were excluded from the analysis because no information on stag-
ing was available.

To evaluate CD16+ cell level of infiltration, the absolute number
of infiltrating CD16+ cell was counted in each RCC lesion. For sta-
tistical analysis, the level of CD16+ infiltrating cells was considered low
when 100 cells or less (score 1) per punch were detected and high
when the absolute number of infiltrating CD16+ cells was greater than
100 (score 2).
Statistical Analysis
The significance of statistical differences between the low (score 1)

and high levels (score 2) of CD16+ cell infiltration in relationship
with tumor grade and stage was assessed by using a χ 2 test. Analysis of
NK cell deletion was performed by using Wilcoxon tests and t tests.
Results

Expression of MICA/B in RCC Lesions
Incubation with MICA/B–specific mAb WW6B7 of the TMA

under investigation, including 140 RCC lesions, resulted in the
staining of virtually all (>95%) punches. The staining was generally
of strong intensity (Figure 1A) and localized in the cytoplasm and cell
membranes of cancer cells, whereas it was undetectable in the stromal
cells (Figure 1, B and C ) frequently associated with RCC.
Predominance of CD56−/CD16+ Cells in the RCC
Inflammatory Infiltrate

We analyzed the nature of the inflammatory cells infiltrating RCC
lesions by comparatively evaluating the expression of CD56 and
CD16 in the TMA under investigation. Surprisingly, the CD56+/
CD16+ cell ratio in the RCC microenvironment was generally lower
than 1 (Figure 2A), suggesting that a predominant number of CD16+

cells were CD56−. These CD16+CD56− cells showed a large size and
complex morphology, strongly resembling macrophages (Figure 2B).
Conversely, CD56 expression was predominantly observed on the
cell membranes of cancer cells in approximately 25% of the RCC
specimens analyzed and was only minimally detectable in RCC infil-
trating inflammatory cells (Figure 2A, right, lower panel ). Further
analysis of RCC microenvironment demonstrated the prevailingly
myeloid, CD68+, nature of the inflammatory CD16+ infiltrate (data
not shown). To quantify the discrepancy between the expression of
CD16 and CD56 inflammatory infiltrate, we compared the absolute
number of CD16+ cell infiltration with that of infiltrating CD56+

cells in 108 available RCC lesions. Figure 2C clearly shows that most
of the CD16+ cells were CD56−, and the level of CD56+ cells into
the RCC microenvironment was negligible.
Association of CD16+ Macrophage Infiltration with Cell
Differentiation and Disease Progression in RCC

Clinical features associated with RCC infiltration by CD16+ cells
were then analyzed. A high level, score 2 (Materials and Methods), of
CD16+ cell infiltration was significantly .023 more frequently detect-
able in metastatic than in primary RCC lesions. As shown in Table 1,
a score 2 of CD16+ cell infiltration was only identified in 6 of 43
RCC primary lesions, whereas it was detectable in 25 of 78 metastatic
RCC lesions. In contrast, there was no statistically significant differ-
ence between score 1 of CD16+ cell infiltration of primary and that
of metastatic RCC lesions. Furthermore, high-level, score 2, CD16+

cell infiltration was also significantly (P = .007) associated with poor
differentiation (G3 and G4) of RCC cells, suggesting that high-grade
tumors might shape their microenvironment by recruiting CD16+

myeloid cells.
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producers of IL-10 [26,31], and proliferative inhibitors [16,17], they
are considered powerful inflammatory cells. It is possible that CD16+

monocytes play a role in regulating tumor immunosurveillance be-
cause their frequency is strongly increased at a systemic level in a va-
riety of advanced malignancies [29,32,33]. To date, the reasons why
CD16+ monocytes specifically expand in the PB of patients with ma-
lignancies are unknown. One possibility is that advanced solid tumors
may release factors causing CD16+ monocyte expansion [29] or che-
moattracting them on tumor sites [34,35].

Conversely, our in vitro data strongly suggest that CD16+ NK cells
undergo apoptosis upon interaction with target cells, including RCC,
Caki-1, myeloid leukemia, K562 and CRC, HCT116-derived cell
lines, thereby providing a mechanistic explanation to the relative ab-
sence of these lymphocytes from the RCC microenvironment.

We attempted to explore molecular mechanisms by which cancer
cell lines induced RCC apoptosis. We hypothesized an involvement
of a caspase-dependent mechanism or/and a granule exocytosis-
dependent mechanism eventually due to a “friendly fire” situation
triggered by NK cell upon conjugation with cancer cells and after
granule exocytosis. Therefore, we used Z-VAD, a potent general cas-
pase inhibitor, and concanamycin A, a specific inhibitor of a granule-
dependent cytotoxicity. Both inhibitors failed to prevent NK cell
elimination by Caki-1, FAS ligand–negative and HCT116, FAS
ligand–positive cells suggesting that this phenomenon is caspase-,
perforin-, and FAS-independent and also excluding that the possibil-
ity of perforin spilling in the intercellular area of effector/target cell
surface may cause autologous NK damage.

Natural killer cells could be also damaged directly and/or indirectly
by myeloid cells resident in the tumor microenvironment. Resident
myeloid cells could impair the function of the host’s NK cells through
an alteration of the metabolism of L-tryptophan, L-arginine, and
arachidonic acid and by producing nitric oxide [36,37]. In our expe-
rience, the Caki-1–dependent elimination of NK cells was not affected
by the depletion of monocytes from cell cultures used for in vitro ex-
periments (Sconocchia et al., unpublished data). Obviously, to make
any clear conclusions, further studies are required.

CD18 is a cell surface receptor composed of a constant chain that
is associated with a distinct α chain to characterize four distinct cell
surface molecules including CD11a (LFA-1), CD11b (MAC-1),
CD11c, and CD11d. CD18 is expressed on NK cells mainly as
LFA-1 and MAC-1. CD18 is also involved in NK cytotoxicity and
cell adhesion because LFA-1 contributes to NK cytotoxicity. Anti-
CD18 was able to reduce partially the annexin V expression on
cytotoxic NK cells upon conjugation with cancer cells. Thus, it is
possible to assume that, in normal conditions, different levels of
β2-integrin ligands on the cell surface of cancer cells may regulate
the extent of NK cell apoptosis.

Recently, it has been shown that neutrophil β2-integrins regulate
neutrophil apoptosis through the activation of nuclear factor κ light
chain enhancer of activated B cells and mitogen-activated protein
kinase–extracellular signal–regulated kinase [38]. Thus, we hypothesize
that CD18 ligation of LFA-1 and MAC-1 on NK cells could affect
NK cells’ survival upon cancer cell interaction. Our data suggest that
the disruption of the interaction between CD18 on NK cells and
ICAM-1 on Caki-1 cells partially prevents Caki-1 cell–dependent
apoptosis. In contrast, it is not clear how NK cell’s CD18 is affecting
HCT116-dependent NK cell apoptosis because our HCT116 cells
are ICAM-1–negative. One possible explanation could reside on the
fact that CD18 interacts with different CD18 ligands including
ICAM-2, ICAM-3, and ICAM-4, which could be expressed on
HCT116, CRC cells.

Finally, our data suggest that other than CD18, additional mole-
cules could be involved in regulating NK cell survival upon conjuga-
tion with target cells including CD16. Infect, ligation of CD16 on
NK cells caused loss of cell surface CD16 expression [39]. However,
it is not completely understood whether the effect is a result of CD16
internalization or NK cells’ elimination.

The identification of strategies possibly improving cytostatic and
antigen-presenting functions of CD16+ myeloid cells and delaying
NK cell apoptosis in the presence of cancer cells may help restore
an efficient immune response in RCC patients.
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