






range of 72.4% to 98.7% (Table 2). Thereby, they did not
differ from NK-PBMC of healthy donors that contain an
average of 90% CD16bright NK cells (31, 32). In contrast, NK-
TIL had an average of only 59.3% CD16bright NK cells with
a broad range of 24.8% to 96.9% among different patients.
The percentage of NK cells plotted against the frequency of
CD16bright NK cells separated the TIL samples into two groups
(Fig. 1A): TIL with high NK content (high-NK-TIL, >20% of
NK cells) showed very high percentages of CD16bright NK
cells (average of 89.9%) within a narrow range (82.0-96.6%).
TIL with a low frequency of NK cells (low NK-TIL, <20% of
NK cells) displayed a lower percentage of CD16bright NK cells
(average of 43.5%). NK-PBMC from all patients (Fig. 1A;
Table 2) or healthy donors (not shown) showed high
percentages of CD16bright cells independent of the NK content
of the tumor (Fig. 1A).
The high NK-TIL group resembled NK-PBMC (P = 0.9),

whereas low NK-TIL showed significantly fewer CD16bright NK
cells, compared with NK-PBMC or high NK-TIL (P < 0.0001
for both groups). The CD16neg/dim NK population present in
TIL was either CD56bright or CD56neg/dim. A correlation to the
source of the NK cells from TIL with high or low NK content
was not obvious. Figure 1B illustrates the similarity of high
NK-TIL to NK-PBMC and the difference to low NK-TIL. All TIL
samples differed from PBMC in terms of lymphocyte compo-

sition, such as CD4-to-CD8 T-cell ratios and the percentage
of NK cells, excluding the possibility that TIL represented
contaminating peripheral rather than tissue-derived lympho-
cytes (not shown).

NK cells from high-NK tumors have higher cytolytic activity
than NK cells from low-NK tumors. In peripheral NK cells, the
expression of CD16 (CD16bright versus CD16neg/dim) correlates
with cytotoxic activity (32, 33). To investigate the cytotoxic
capacity of NK-TIL, we used the MHC class I–negative cell line
K562 that lacks ligands for all known NK cell inhibitory
receptors and, therefore, is recognized by all NK cells. Hereby,

Fig. 2. Cytotoxicity of NK-PBMC from healthy donors and renal cell carcinoma
patients and NK-TIL of high (high-NK-TIL) or low NK content (low-NK-TIL).
A , cytotoxicity against K562 with effector-to-target cell ratio of 20:1or 40:1 (*). NK
cells were enriched to similar percentages (60-95%; circles).Three samples of the
high-NK-TIL group had percentages of NK between 35% and 42% and were
used without enrichment (diamonds). Horizontal bars, median values. B, redirected
lysis against NKp46-loaded P815. Only enriched NK populations were used.
Vertical bar, maximal value obtained with isotype (MOPC21)^ loaded P815.
Individual isotype values ranged between 2% and10% in different assays.
Effector-to-target cell ratio was 20:1 (black columns) or 40:1 (gray columns).

Fig. 3. Expression of NKp46, CD3~, NKG2D,DAP10, andDAP12/KARAP by
PBMC andTIL. A to C, dot plots of gated CD3-CD56+ lymphocytes. Quadrants
were adjusted according to isotype controls. Numbers in top right quadrants,
percentage of positive cells of the CD56+CD3� population. A , PBMC-3088
(27% CD56+CD3� NK cells) andTIL-3088 (12% CD56+CD3� NK cells) stained
with mAbs against CD3, CD56, and NKp46. B, PBMC-2936 (7% CD56+CD3� NK
cells) andTIL-2936 (13% CD56+CD3� NK cells) stained with mAbs against
CD3, CD56, and CD3~. C, PBMC-2928 (21% CD56+CD3� NK cells) andTIL-2928
(8% CD56+CD3� NK cells) stained with mAbs against CD3, CD56, and NKG2D.
D, semiquantitative RT-PCRof PBMC-239, PBMC-2986,TIL-2986, andTIL-2936
with primers forDAP10, DAP12/KARAP, andGAPDH. Identical amounts of cDNA
andPCRproductswere used in each case. Fragment length is presented inbrackets.

Functional Capacity of NKCells Infiltrating RCC

www.aacrjournals.org Clin Cancer Res 2006;12(3) February1, 2006721

Cancer Research. 
on January 25, 2021. © 2006 American Association forclincancerres.aacrjournals.org Downloaded from 



we could show that the lack of cytolytic activity was the result
of a deficiency in the lytic capacity of the NK cell population
and not caused by NK cell inhibition through inhibitory
receptor-ligand interactions with MHC. Renal cell carcinoma
generally expresses MHC class Ia and Ib molecules that serve
as inhibitory ligands for NK cells and thus were unsuitable for
our analysis. We also enriched NK cells from different sources
to comparable amounts (60-95%) to exclude that low NK cell
numbers or detection limits of the assay explained a lack of
cytotoxicity.
In contrast to NK-PBMC, NK cells directly isolated from

tumors did not lyse K562 even after enrichment (23).
Therefore, NK cells were cultured in low-dose IL-2 (20 units/
mL) for 24 or 48 hours before assessing their cytolytic activity.
Enriched NK-PBMC of all renal cell carcinoma patients or
healthy donors lysed K562 target cells after short-term
activation by IL-2 (Fig. 2A). NK cell–depleted lymphocytes
(T cell enriched, <5% NK cells) had lytic activities below 5%
against K562 (negative controls; not shown). NK cells enriched
from high NK-TIL similarly lysed K562 after short-term
activation and even nonenriched TIL populations, containing
35% to 42% NK cells, exhibited significant cytolytic activity
(Fig. 2A). In contrast, enriched low NK-TIL had significantly
lower cytolytic capacities than NK-PBMC and high NK-TIL (P =
0.014 and P = 0.046, respectively). Specific lysis values were
below 10% lysis for all low-NK-TIL samples, except for one
with >20% lytic activity that was tested at an elevated effector-
to-target ratio.
We next investigated whether NK cells responded differently

to triggering of the activating receptor NKp46. NKp46 is
exclusively and constitutively expressed by NK cells (34). It
represents a major activating receptor for NK cells and does not
require other coactivating stimuli (35). Redirected lysis experi-
ments using an antibody to the NKp46 receptor were done with
selected samples tested in parallel in the K562 assay. NK-PBMC
of healthy donors (192, 131) and renal cell carcinoma patients
(2989, 2936), and high NK-TIL clearly showed cytotoxicity
against P815 target cells loaded with mAb against NKp46
(Fig. 2B). Low NK-TIL (shown are low NK-TIL 2936 and NK-TIL
3088) exhibited only background lysis of NKp46-loaded P815
target cells, even at an effector-to-target ratio of 40:1. The
observed differences in high NK-TIL and low NK-TIL to NKp46
triggering corresponded to the cytotoxicity directed against
K562, consistent with the observation that lysis of K562 is
mediated, in part, by NKp46 triggering (35).

Fig. 4. Perforin, granzyme A, and granzymeB expressionof NK-PBMC andNK-TIL
from renal cell carcinoma patients (A and B, gated on CD56+CD3� cells) and NK
lines NKL, NK-92,YT, and 2DL2+NK (C). mAbs combinations were CD3 and
CD56 and either perforin, granzymeA or granzyme B. A , percentages of perforin+

(first row), granzymeA+ (second row), or granzyme B+ (third row) NK cells.
Groups are as follows: NK-PBMC of renal cell carcinoma patients (renal cell
carcinoma-PBMC, black symbols), NK cells of high NK-TIL (gray symbols), or low
NK-TIL (open symbols). B, perforin expression levels of NK cells of renal cell
carcinoma-PBMC (top row), high NK-TIL (middle row), and low NK-TIL (bottom
row).Two examples are shown for each category. Percentages of perforinhigh NK
cells are quoted in each histogram. Mean fluorescence intensities for isotype
controls ranged from 5 to 7 in each case (not shown).C, cytotoxin expression levels
of NK lines: perforin (light gray histograms), granzymeA (dark gray), and granzyme
B (dashed lines). Isotype control for perforin is shown in each case (dotted lines).
Isotype controls for the other antibodies showed comparable fluorescence intensity
(not shown).D, cytotoxicity of NK lines against K562 at declining effector-to-target
cell ratio. Cytotoxic assays and stainings (C) were done in parallel.
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The percentage of specific lysis of P815 was dependent on the
concentration of anti-NKp46 antibody, confirming that lysis
was due to the strength of triggering and not to unspecific
recognition of target cells (not shown). P815 cells loaded with
isotype antibody always showed <10% lysis (not shown).
NK-TIL from different tumors varied in their cytotoxic

capacity after ex vivo culture and NK cells originating from
tumors with a high NK cell content had higher cytotoxic
capacity. This observation correlates with our observation that
NK cells from tumors with high NK cell infiltration differen-
tially expressed CD16. Thus, the association between CD16
expression and cytotoxicity, previously defined for peripheral
NK cells (32, 33), also extends to renal cell carcinoma–
infiltrating NK cells. Of importance is that these two popu-
lations coexist in PBMC, whereas they are segregated in renal
cell carcinoma tissues either because certain tumor tissues
specifically recruit or differentially retain the CD16bright or
CD16neg/dim NK subgroup.
High NK-TIL and low NK-TIL express NKp46 receptors and

corresponding adaptor molecules. We examined whether
activating receptors other than CD16 or corresponding adaptor
molecules might also discriminate the two NK-TIL groups.
NKp46 molecules were expressed at the cell surface of the
noncytolytic low NK-TIL as seen for peripheral NK cells. NK-
PBMC and NK-TIL of patient 3088 are shown as examples in
Fig. 3A. Comparable staining patterns were observed for all
cells of the high and low NK-TIL that were studied (n = 31).
Others reported that surface density of NKp46 correlated with
the cytotoxic activity (35). In our analyses, differences in
fluorescence intensity observed in individual samples (Fig. 3A)
could not be extrapolated to variations in density of NKp46
expression because each sample was immunophenotyped
separately at the time it became available, thereby excluding a
direct quantitative comparison of samples.
The CD3~ chain represents the crucial adaptor molecule for

NKp46 and is responsible for the intracellular transmission of
the activating signal. Because a loss of the CD3~ chain has
been observed in T cells infiltrating renal cell carcinoma (36)
and other types of cancer (37), we analyzed CD3~ expression of
NK-TIL by intracellular immunofluorescent staining. As shown
for patient 2936, low NK-TIL showed expression of the CD3~
chain comparable with autologous NK-PBMC despite their
impaired cytotoxicity (Fig. 3B).
NKG2D, a receptor of the lectin-like family, represents

another crucial activating receptor for NK cells (reviewed in
ref. 23). Low NK-TIL of patient 2928 displayed surface
expression of NKG2D on all NK cells comparable with
autologous NK-PBMC. This was consistent for all low NK-TIL
samples. The expression of DAP10 and DAP12/KARAP, which
are adaptor molecules for various activating receptors (reviewed
in ref. 18), was examined by semiquantitative RT-PCR. Figure
3D shows that low NK-TIL and PBMC of healthy donors and
patients expressed both adaptor molecules at the RNA level.
This was confirmed for five different TIL populations.
Expression of these molecules could not be analyzed biochem-
ically due to limited material. All these analyses showed that
the absence of critical adaptor molecules was not likely to be
responsible for the reduced cytotoxic capacity of low NK-TIL.
Low NK-TIL and high NK-TIL differ in the expression of

perforin, granzyme A, and granzyme B. The cytolytic effector
function of NK cells is directly mediated by the secretion of

cytotoxic molecules, such as perforin, granzyme A, and
granzyme B. Flow cytometry revealed that all NK-PBMC of
renal cell carcinoma patients expressed these effector molecules
(Fig. 4A, left column) similar to healthy donors (not shown).
NK cells of the high-NK-TIL group (middle column) displayed
comparable percentages of cytotoxin+ NK cells and, therefore,
clearly resembled NK-PBMC. In contrast, NK cells of the low-
NK-TIL group (right column) exhibited significantly reduced
percentages of cytotoxin+ NK cells in every sample of the
low-NK-TIL group compared with NK-PBMC or high NK-TIL
(P < 0.02 for all three molecules) with a broader range (20-78%
positive cells). There was no low-NK-TIL sample that had a
high percentage of NK cells positive for all three molecules. For
example, NK-TIL 3088 had 62% perforin+, 54% granzyme A+,
and only 20% granzyme B+ NK cells; NK-TIL 2916 had 66%
granzyme A+ and 70% granzyme B+, but very few (27%)
perforin+ NK cells. Finally, NK-TIL 2990 exhibited the highest
number of positive cells in the low-NK-TIL category, but
percentages of 78% for perforin, 64% for granzyme A, and 71%
for granzyme B were all below those observed for NK cells of
PBMC or high NK-TIL.

In addition to reduced percentages of cytotoxin+ cells, the
expression level of cytotoxins, in particular that of perforin,
was reduced in low NK-TIL compared with NK-PBMC and high
NK-TIL. As illustrated in Fig. 4B, 80% to 90% of NK cells of
PBMC showed high perforin expression levels. A similar pattern
was seen for high NK-TIL (middle row), whereas the low-NK-TIL
group consisted predominantly of NK cells with low perforin
expression and fewer perforinhigh NK cells (bottom row). This
was most apparent for NK-TIL 2890 that had as few as 22%
perforin+ NK cells of which only 11% were perforinhigh. NK-TIL
2990 had the highest percentage of perforin+ NK cells within
the low NK-TIL group and still showed perforinhigh expression
in only 55% of NK cells (Fig. 4A).

Taken together, NK cells of the high-NK-TIL group had
consistently higher percentages and also higher expression levels
of cytotoxins than NK cells of the low-NK-TIL group. These
results are consistent with the characteristics described
for peripheral CD16bright NK cells, which express high amounts
of cytotoxins (31). On a functional level, the reduced cytotoxin
expression of low NK-TIL may explain their reduced cytotoxic
potential.

The Fas/FasL pathway, known as another important mech-
anism of NK cell–mediated cytotoxicity, could not be analyzed
in our studies because our universal target cell K562 does not
express Fas7 and is resistant to Fas-mediated killing (38).

Concordant cytotoxin expression determines cytotoxic strength
of NK cell lines. Within the low-NK-TIL group, none of the
samples had concordant expression of all three effector
molecules at high frequency as was the case for all NK-PBMC
and high-NK-TIL samples. Therefore, we speculated that to
exert detectable cytotoxicity against K562, an NK cell popula-
tion must contain a critical percentage of NK cells that express
all three effector molecules above a certain threshold. To
test this hypothesis, we examined the cytotoxic activity of
four established NK cell lines against K562 and simultaneously
analyzed their expression patterns of cytotoxic effector
molecules.

7 C.S. Falk, unpublished data.
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Phenotypic analysis of cytotoxic effector molecules revealed
that NKL, NK-92, and 2DL2+NK expressed all three effector
molecules whereas YT completely lacked granzyme A (Fig. 4C).
All NK cell lines, except YT, showed clear cytotoxic activity
(Fig. 4D). Expression levels of effector molecules positively
correlated with the percentage of K562 lysis (Fig. 4C and D).
These results indicated that NK cell–mediated lysis of K562
cells is dependent on a coordinated expression of all three
effector molecules and the expression levels of each cytotoxin
influenced the extent of lysis.

Discussion

Renal cell carcinoma tissues harbor high numbers of
infiltrating leukocytes that include almost every cell type of
the immune system. However, the factors responsible for the
inability of these cells to eliminate surrounding tumor cells are
poorly understood. Many reports have described the functional
inactivity of TIL present within renal cell carcinoma. This may
be due to the direct inactivation of effector cells by tumor cells
or by a lack of activating signals. Some of these mechanisms are
known as cancer immunoediting or tumor escape mechanisms
(reviewed in ref. 39).
Little is known about renal cell carcinoma–infiltrating NK

cells. This is partly due to the fact that specific antibodies for
NK cell receptors were defined only recently and mechanisms of
NK cell function are just beginning to be resolved. We showed
that some renal cell carcinoma tissues show infiltration by high
numbers of NK cells that were unable to lyse otherwise NK cell–
sensitive target cell lines if they were freshly isolated from
tumors (23). This inactivity may contribute to the apparent
unhindered growth of tumors. In the present study, we separated
tumors into two groups based on the frequency of infiltrating
NK cells: One group included tissues with infiltrates consisting
of <20% NK cells (low NK-TIL), whereas the second group
included tissues with >20% NK cells (high NK-TIL). We found
that NK cells of the two groups differed in the frequency of
FcgRIII (CD16)–expressing cells, in their cytotoxic ability, and
in the expression of intracellular cytotoxic effector molecules.
Low NK-TIL had reduced percentages of CD16bright NK cells and
were nonlytic against K562 target cells after short-term
activation by low-dose IL-2, whereas high NK-TIL were mainly
CD16bright and acquired cytolytic activity, thereby resembling
peripheral NK cells both phenotypically and functionally.
The importance and influence of CD16 expression in NK

cell–mediated elimination of tumor cells remains to be
resolved. Even for peripheral NK cells, where the distinction
of CD16neg/dim and CD16bright was established (33), it is still
discussed controversially whether the CD16neg/dim population
is a distinct subpopulation with unique function or a terminally
differentiated NK cell (32, 33). Despite this controversy, it is
accepted that CD16neg/dim NK cells of peripheral blood,
secondary lymphoid tissues, or other tissues, like the decidua,
are less cytotoxic than CD16bright NK cells, probably due to
their reduced expression of cytotoxic effector molecules (32, 33,
40). The low expression of cytotoxins could be a reflection of
their different functional role or could be due to an exhaustion
of these molecules caused by recently executed cytotoxic
effector function (32). Whatever the correct interpretation, the
functional correlation of CD16 expression and cytotoxic
capacity is in line with our finding that CD16neg/dim low NK-

TIL showed concomitant reduced expression of cytotoxins that
may be the primary reason for their diminished cytotoxicity. In
support of this contention, we characterized NK cell lines and
established that the expression levels of effector molecules
correlated with the extent of K562 target cell lysis. Additional
support for a correlation between perforin and cytolytic
capacity is given by our observation that long-term stimulation
(7 days) of low NK-TIL significantly increased perforin
expression and restored lytic capacity (not shown).
The detailed characterization of TIL revealed that the

frequency of NK cells within tumor tissues was predictive of
their phenotype and effector function, such that a higher extent
of NK cell infiltration was associated with the presence of an
NK cell population with better cytolytic potential.
Migration and tissue homeostasis of NK cells are complex

processes, which are regulated in part by the presence of
chemokines and the expression of their corresponding recep-
tors (41). It has been suggested that CXCL12/SDF-1 may play
a role in the recruitment of CD16neg/dim NK cells (42). In
our study, CXCL12/SDF-1 mRNA did not distinguish tumors of
high or low NK content (P = 0.34 normalized to 18S rRNA, not
shown). Recently, a correlation between the absolute number
of NK cells in peripheral blood and the percentage of NK cells
in tumors has been suggested (43). Absolute numbers of NK
cells in blood are not available for our patient collective.
However, the ratio of CD16bright to CD16neg/dim NK cells in
peripheral blood lymphocytes did not correlate to that of TIL
(not shown). The absolute number of infiltrating cells was very
heterogeneous among tumors and TILs with low NK content
were found for tumors with a low or high infiltration (not
shown). A comparison of tumors according to their tumor-
node-metastasis characteristics (Table 1) revealed that patients
with distant metastasis were found only in the low-NK group.
This important observation, however, requires a larger sample
size to validate a correlation between NK infiltrates and tumor
stage.
Although it is currently unknown why some renal cell

carcinoma harbor more NK cells, the observation that the level
of NK cell infiltration is associated with a distinct ex vivo
functionality may serve as a predictive marker for clinical
outcome in the future. Support for this contention can be
drawn from other solid tumors (13–15). Moreover, it has been
shown by others that infiltration levels and also NK cell activity
correlated with survival rates (44–46) and with the response to
immunotherapeutic treatment (47).
It is beyond the scope of this analysis to draw conclusions

about the clinical outcome or response to immunotherapy with
regard to NK cell infiltration. It is apparent that infiltrating NK
cells, like T cells, were not able to control outgrowth of primary
tumors. It remains to be determined whether patients with
higher percentages of (CD16bright) NK cells in their tumors have
a better capacity to cope with remaining tumor cells after
resection of the primary tumors. Relevant follow-up data are
not yet available for our cohort of patients and ongoing
investigations are required to assess this hypothesis.
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