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B7-H6-mediated downregulation of NKp30 in NK
cells contributes to ovarian carcinoma immune
escape
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In this study the phenotype and function of tumor-associated NK cells from peritoneal fluids of a selected cohort of
patients with seropapillary ovarian carcinoma were analyzed. In > 50% of these patients, the expression of the
activating receptor NKp30 in tumor-associated NK cells was substantially reduced as compared to autologous
peripheral blood (PB) NK cells. The impaired expression of this receptor was associated with the presence of one of its
cellular ligands (B7-H6), which was detectable as a surface/cytosolic molecule in tumor cells and as a soluble molecule
in the peritoneal fluid. NK cells from patients expressing this NKp30low phenotype displayed an impaired interferon-
gamma (IFNvy) production and cytolytic function when tested against target cells expressing surface B7-H6. Our data
also suggest that in these patients, the defective expression and function of NKp30 may be induced by the chronic
engagement of this receptor by soluble B7-H6 or by tumor cells expressing this ligand. The impairment of NK cell
functions described herein could represent a novel mechanism by which the tumor microenvironment may contribute

to the escape from immune surveillance.

Introduction

Natural Killer (NK) lymphocytes represent one of the most
efficient cellular mechanisms by which the immune system can
recognize and kill tumor or virally infected cells.'" Human NK
cells can be divided into two main functional subsets based on
the intensity of CD56 expression.” Most circulating NK cells
(about 90%) belong to the CD56%" subset and are characterized
by the CD16 (FcR'yIII)+, KIR™, and/or CD94/NKG2A™ phe-
notype. Conversely, the minor PB NK cell subset (<10%) is
CD56"", CD16~, KIR™, and CD94/NKG2A™. Moreover,
the CD56%™" CD16" subset expresses a series of chemokine
receptors such as CXCR1, CX3CR1, and ChemR23, whereas
the CD56"€" CD16~ NK cell subset expresses a different set of
chemokine receptors, including CCR7 and CXCR3.>¢

The function of NK cells is controlled by different activating
and inhibitory receptors that, upon engagement by specific cell
ligands on target cells, may either induce or suppress the process
of killing and cytokine production. Inhibition is mainly mediated
by receptors that upon recognition of HLA class-I molecules on
potential target cells deliver negative signals that suppress the

process of NK cell activation. These include the Killer Ig-like
Receptors (KIR) (also referred to as CD158) that are able to dis-
tinguish among different HLA-C, -B and -A allotypes and the
CD94/NKG2A (CD159A) heterodimer, specific for HLA-E.”""!
NK activation is induced by a series of triggering receptors,'' ™
such as NKG2D, DNAM-1 and the Natural Cytotoxicity Recep-
tors (NCR) that include NKp46 (NCRI, CD335),'*"> NKp44
(NCR2, CD336)'*!'” and NKp30 (NCR3, CD337).'8

While multiple cell surface ligands for NKG2D and DNAM-
1 have been identified,"” tumor cell surface ligands for the NCR
family have remained elusive until recently, hindering a complete
understanding of their role in tumor surveillance. Thus, although
many data suggested a central role of these receptors in tumor
recognition and killing, the first NCR ligands to be identified
were represented by viral structures such as the influenza hemag-
glutinin for NKp46>° and the human cytomegalovirus pp65 teg-
ument protein for NKp30.*' Later on additional structures, such
as the HLA-B associated transcript 3 (BAT3) protein, now
referred to as BAGG6, were shown to bind and trigger
NKp30.°>** Recently we identified B7-H6 (NCR3LGI) as a
novel cell surface ligand of NKp30.24*® This molecule appears
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to be present on a broad panel of hematopoietic and non-
hematopoietic tumor cells including lymphoma, leukemia, mela-
noma, and carcinoma as well as on primary tumor blood cells.
On the other hand, B7-HG6 transcripts were not detected in nor-
mal adult tissues, thus suggesting that its expression could be lim-
ited to tumor cells of different histotype and that this molecule
may represent a potential new tumor marker.>*%’ Interestingly,
more recent data indicated that the expression of B7-HG6 tran-
scripts as well as B7-H6 cell surface molecules can be upregulated
upon TLR stimulation of myeloid cells in inflammatory condi-
tions. Moreover, similar to other members of the B7 family, B7-
HG6 was also detected in a soluble form capable to inhibit
the binding of anti-NKp30 mAbs to NKp30 and to prevent
NKp30-mediated NK cell triggering.>”*®

In this study, we analyzed the phenotypic and functional char-
acteristics of tumor-associated NK cells isolated from peritoneal/
ascitic fluid (PF) from a homogeneous cohort of patients with
papillary serous ovarian carcinoma at advanced stages of the dis-
ease. Our data indicate that in >50% of the patients, these NK
cells display lower expression of the NKp30 receptor and a
reduced IFNy production and cytolytic activity against B7-H6™"
tumor target cells, as compared to autologous PB NK cells.
Moreover, B7-H6 was expressed in the tumor environment both
as a soluble molecule and as a surface/cytoplasmic structure in
tumor cells. Taken together, our data reveal a novel escape mech-
anism from immune surveillance in this type of tumor.

Results

Phenotypic analysis of peripheral blood and peritoneal/
ascitic fluid NK cells from patients with ovarian carcinoma of
seropapillary histotype

The surface phenotype of NK cells isolated from peritoneal/
ascitic fluid (PF-NK) of 50 patients with ovarian carcinoma of
seropapillary histotype®”>'was compared to that of NK cells
from autologous PB-NK and from PB of healthy donor
(Healthy PB-NK). As shown in Fig. 1A, PF-NK cells dis-
played a significant increase in the percent of CD56”" NK
cells.

The CD56""™ cell subset on PF-NK cells showed phenotypi-
cal features similar to those of classical CD56"" 8" PB-NK cells.
In particular, these cells were homogeneously NKG2A*/KIR™,
expressed substantial amounts of CD25, NKp44, CCR7, and
CXCR3, while displaying heterogeneous/low levels of CD16
(Fig. 1B and Fig. S1). On the other hand, a fraction of the
CD56M! PE-NK cell subset expressed the KIR' and/or
NKG2A™ phenotype, while most cells were CD16™, although
the geo-mean of this receptor was much lower as compared to
that detected in autologous PB-NK cells. Interestingly, a signifi-
cant fraction of this subset displayed an increased expression of
activation markers, such as CD69 and CD25. Moreover CCR7,
which is usually absent on CD56%!! NK cells,>>** was detected
on a small cell fraction.**** (Fig. 1B and Fig. S1).
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Figure 1. Surface phenotype of PB- and PF-NK cells derived from patients with ovarian carcinoma of seropapillary histotype. (A) NK cells freshly
purified from PF of ovarian carcinoma patients (black bars) were analyzed by cytofluorimetric analysis for the surface expression of a series of NK recep-
tors, and compared with fresh NK cells isolated from autologous PB (gray bars) or from PB of healthy donors (white bars). Histograms indicate the percent
of PB-/PF-NK cells positive for the indicated receptors (n = 50). ***p < 0.001, **p < 0.01. (B) The distribution of different receptors on the CD56"119ht
(lower quadrants) subsets derived from freshly purified PB- and PF-NK cells is shown for one representative patient. As
control, the phenotype of PB-NK cells from one representative healthy donor is shown (Healthy PB-NK). The percentage of cells in each quadrant is
reported and, when indicated, also the geo-mean (Gm) is reported. CTR: isotype control.
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the activating receptor DNAM-1 on
CD56%" NK cells derived from PF of

ovarian carcinoma patients was signifi-
cantly lower on tumor-associated NK
cells than in NK cells isolated from
PB.*® In agreement with this study, we
found that the geo-mean of expression

of this receptor as well as the percentage

Figure 2. Downregulation of activating receptors in NK cells derived from PF of ovarian carci-
noma patients. (A) Fresh NK cells isolated from PF of ovarian carcinoma patients (black bars) were
analyzed for the surface expression of the main activating NK receptors (NKp30, NKp46, DNAM-1,
NKG2D) and compared with NK cells isolated from PB (gray bars) of the same patients. Histograms
indicate the percentage of PB-/PF-NK positive cells (n = 50). ***p < 0.001. (B) A representative patient
displaying low expression of NKp30 is shown. The percent of cells in each quadrant is reported and,
when indicated, also the geo-mean (Gm) is reported.

of DNAM-1" NK cells were decreased
on both CD56"%" and CD56" subsets in most patients ana-
lyzed (Fig. 2A, B).

Remarkably, we observed that in >50% of the patients there
was a considerable impairment of NKp30 surface expression
both as geo-mean of expression and as percent of NKp30™ NK
cells (Figs. 2A, B and 3A). More specifically, we found that the
expression of this receptor was strongly reduced in a group of
patients (downregulation of NKp30 or NKp30low), but substan-
tially normal in another group (no downregulation of NKp30 or
NKp30high) (although some patients displayed intermediate but
still significant levels of reduction) (Fig. 3A lower panels). We
grouped the patients in these two categories by using a specific
criterion. In particular, we calculated the index of NKp30 down-
regulation as ratio between the percentage of NKp30* NK cells
in the PB (control) and the percentage of NKp30™ NK cells in
the PF and included in the category with downregulation of
NKp30 the patients with an NKp30 decrease of at least 1.5 times
compared to the control (corresponding approximately to 30%
of downregulation).

www.tandfonline.com
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The reduction of NKp30 surface density involved both
CD56"" and CD56™" NK cell subsets, although in most
instances it was more evident in the CD56™" subset (Fig. 3A
upper panels).

In contrast, the expression of NKp46 and NKG2D in PF
remained unaltered as compared to NK cells from PB (Fig. 2A,
B), although the geo-mean of these receptors was frequenty
increased in PF-NK cells.

PF-NK cells expressing low levels of NKp30 receptor display
low degranulation and cytolytic activity against B7-H6™ target
cells

Next, NK cells from the various patients were tested in
degranulation assays against the K562 cell line. This cell line was
previously shown to express high levels of surface B7-H6, a
ligand recognized by the NKp30 receptor.’* As shown in
Figure 3B, PB-NK cells derived from two different representative
patients displayed comparable levels of degranulation following
exposure to K562. On the contrary, under the same conditions,

e1001224-3



PFE-NK cells derived from these two patients were characterized
by substantial differences in terms of degranulation. In particular,
the degranulation of PF-NK cells that displayed decreased expres-
sion of NKp30 was significantly lower than that of PF-NK cells
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expressing normal levels of this receptor. To more directly assess
the role of NKp30 receptor in the cytolytic activity of PF-NK
cells, a murine cell line (BW) transfected with human B7-H6
was used as target cell in >' Cr release assays. In these experiments,
the cytolytic activity of NK cells was evaluated in the absence or
in the presence of an anti-NKp30 mAb capable of disrupting the
recognition of B7-HG6. In line with the degranulation experi-
ments, PF-NK cells from patients showing an impaired expres-
sion of NKp30 displayed low abilicy to kill BW-B7-H6
transfectants, whereas PF-NK cells expressing regular levels of
NKp30 displayed higher cytotoxic capacity toward these target
cells, and the killing was strongly inhibited in the presence of
anti-NKp30 mAb (Fig. 3C). In control experiments no differen-
ces in the killing efficacy toward untransfected BW cell lines
could be detected between NKp30low and NKp30high PF-NK

cells (not shown).

Analysis of perforin and granzyme B in NK cells derived
from PB or PF

As shown in Fig. 3C (and not shown), PF-NK cells generally
displayed lower capability to kill BW-B7-H6 cell transfectants
than autologous PB-NK cells. This difference was not only due
to their differential expression of NKp30, since a substantial
reduction of cytolytic activity was detected also in patients that
expressed comparable levels of this receptor in their PF and PB
(Fig. 3C left panel). Although the reduction of DNAM-1 expres-
sion, observed in all the patients analyzed, may certainly affect
the cytotoxic activity of PF-NK cells against targets expressing
ligands for this receptor, it should not be relevant against target
cells lacking these ligands, such as the murine BW-B7-H6 trans-
fectants. Since the capability of NK cells to lyse given target cells
usually correlates with their content in perforin and granzyme
B,* we next analyzed the expression of these cytoplasmic pro-
teases in PB- and in PF-NK cells. As shown in Fig. 4A, in all

Figure 3. Expression of NKp30 and functional activities of NK cells
derived from different groups of patients. Left column: group of ovar-
ian carcinoma patients displaying normal levels of NKp30 expression on
PF-NK cells (no downregulation of NKp30). Right column: group of
patients displaying reduced levels of NKp30 expression on PF-NK cells
(downregulation of NKp30). (A) NKp30 expression evaluated by cyto-
fluorimetric analysis on freshly purified PB- and PF-NK cells from one rep-
resentative patient for each group. Scatter plots indicate the percent of
NKp30™ cells on PB- (gray circle) and PF-NK cells (black square) in 12 dif-
ferent patients belonging to each group. ***p < 0.001. (B) Degranulation
assay (CD107a expression) of NK cells from ovarian carcinoma patients
after stimulation with the K562 cell line. PB- and PF- lymphocytes were
incubated with K562 for 4 h in the presence of anti-CD107a-PE mAb.
Then cells were stained with anti-CD56, anti-CD3, anti-CD20, and anti-
CD14 mAbs and the CD107a expression was evaluated on gated CD56™
CD3~ CD20™ and CD14 " cells. One representative patient from the two
groups is shown. The percent of CD107a* NK cells is indicated in each
upper-right quadrant. (C) Freshly purified PB- (gray bars) and PF- (black
bars) NK cells of the two group of patients (n = 12 for each group) were
cultured O.N. in the presence of IL2 and then tested for cytolitic activity
in a 4-h 51Cr release assay against the BW-B7-H6 cell line, in the absence
or in the presence of anti-NKp30 mAb. The E/T ratio used was 40:1.
*p < 0.01,*p < 0.05.
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patients analyzed we could detect a sig-
nificant decrease in the geo-mean of
expression of both proteases in PF-NK
cells as compared to autologous PB-
NK cells.*" This phenomenon was
more evident after gating on the

CD56%! subset (Fig. 4B).

IENY release by NK cells derived
from PB or PF

In these experiments, we assessed
the ability of PF- and PB-NK cells to
release IFNY in response to exogenous
cytokines or following exposure to
K562 or to BW either transfected or
not with B7-H6. Interestingly, after
stimulation with rIL12+rIL18,%* PE-
NK cells could release higher IFNvy
amounts than PB-NK (Fig. 5A), inde-
pendent of their NKp30low/high phe-
notype. On the contrary, in response
to K562 (Fig. 5A) or BW-B7-H6
(Fig. 5A, B), PE-NK cells displaying
an NKp30low phenotype released
lower levels of this cytokine as com-
pared to PB-NK cells. Remarkably,
mAb-mediated blocking of the NKp30-
B7-H6 interaction inhibited IFNvy
release by PB-NK cells in response to
K562 or BW-B7-H6 (Fig. 5A).

Thus, the high production of IFNvy
by PF-NK cells in response to
rIL12+rIL18 suggests that these cells
are not strongly compromised in terms
of functional activity and that their
behavior when exposed to B7-H6™ tar-
get cells (reduced production of IFNvy)
is secondary to the low expression of the
NKp30 receptor rather than to an
intrinsic  inability to produce this

cytokine.

NKp30 downmodulation in NK
cells of ovarian carcinoma patients is
associated with the presence of a
soluble form of B7-HG6 in the tumor
environment

Recently a soluble form of the B7-
H6 molecule (sB7-H6) was demon-
strated in inflammatory conditions after
TLR-mediated activation of monocytes
and neutrophils.”® Interestingly we
found that this molecule was detectable
also in the PF of the patients and that
its presence appeared to be associated

with the altered expression of NKp30

www.tandfonline.com
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Figure 4. Low perforin and granzyme expression in PF-NK cells. (A) Freshly purified PB- (gray bars)
and PF- (black bars) NK cells were analyzed for perforin and granzyme content by cytofluorimetric anal-
ysis after fixation and permeabilization. Histograms indicate the geo-mean (Gm) of perforin and gran-
zyme fluorescence (n = 50). ***p < 0.001, *p < 0.05. (B) Expression of the two proteases in freshly
purified NK cells derived from PB or PF of one representative patient. Cells were gated on the CD56"
subset. The geo-mean (Gm) of fluorescence of CD56%" NK cells stained for perforin (left) or granzyme
(right) is shown.
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Figure 5. PF-NK cells displaying NKp30 downregulation show impaired IFNy production in
response to B7-H6™ target cells. (A) PB- and PF- lymphocytes, after O.N. incubation with low doses
of rIL18+rIL15, were washed and then incubated with rIL12+rIL18 or coincubated with different tar-
get cells (K562, BW, BW-B7-H6), in the presence or in the absence of anti-NKp30 mAb at an E/T ratio of
1:2. After 4 h NK cells (gated on CD56" CD3~ CD20~ and CD14 ™ cells) were assessed for intracellular
IFNy by cytofluorimetric analysis. The top panels show a comparison between IFN+y production by PB-
(gray bars, on the left) and PF-NK cells (black bars, on the right) from the group of patients with down-
regulation of NKp30. The bottom panels show the same comparison performed for the group of
patients with no downregulation of NKp30. Histograms indicate the percent of PB-/PF-NK cells posi-
tive for intracellular IFNvy staining (n = 4 for each group). *p < 0.05. (B) The IFNy production of PB-/
PF-NK cells after BW-B7-H6 stimulation in one representative patient of each group is shown. The per-
centages of IFNy™ NK cells are indicated in the upper-right quadrants.
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receptor (that could prevent the bind-

Az = = B2 2: i . . ing ([))f anti-NKp30 mgxbs), experiments

é 154 - ; 154 were carried out in which NK cells

£ £ from healthy donors were stained with

lf 104 [ | < 10+ anti-NKp30 mAbs after pre-incubation

QE' i: i’.‘ o £ with PF containing high levels of sB7-

© 3- 0 u ... % H6. The pre-incubation was performed

= f: U = 04 on ice or at 37°C for 30 min or over-

B ol o ? night (O.N.). As shown in Fig. 6C,

No downregulation Downregulation 0o 05 1 15 2 25 3 385 4 45 5 short time exposure to sB7-H6 did not

o WHpR0 o NKp30 downreguiation INDEX prevent binding of anti-NKp30 mAb

c and the NKp30low phenotype was
100 BF. achieved only after O.N. incubation.

90+—F & —+ l @ K+ lowinegative sE7-H6 in PF These data support the concept that

80-—()—%—% H P T @ K+ high sB7-HE in PF the acquisition of the NKp30low phe-

T 70 = = == notype is not consequent to masking

8 60 by sB7-HG6, but to chronic receptor—

X 50 T ligand (NKp30-sB7-H6) interactions

| 40 % both in vive and in vitro.

304 - NK Interestingly, in most instances a

204 R — NK+ lowinegaive sB7-H6 in PF significant increase of TGFB1 could be

109 \ \-.,_ _ _ detected in the PF from patients dis-

— D 4:0 = 5 3_;,;0 ' T 57°C ARG playing an NKp30low phenotype as

compared to patients displaying nor-

Figure 6. A soluble form of B7-H6 ligand downmodulates the expression of NKp30 on PF-NK
cells. (A) The PF of 24 representative ovarian carcinoma patients belonging to the two groups are
showed for the presence of sB7-H6. On the left (white squares): patients with normal NKp30 expression
(n = 12). On the right (black squares): patients with downregulated NKp30 expression (n = 12).
**p < 0.01. (B) The relationship between the index of NKp30 downregulation (calculated as ratio
between the percentage of NKp30™ NK cells in the PB and the percentage of NKp30™ NK cells in the
PF) and the concentration of sB7-H6 in 36 representative patients was analyzed according to a linear
regression model (R = 0.82) and confirmed by analyzing the Pearson Correlation Coefficient (=0.82)
**%*p < 0.001. (C) A short pre-incubation (30 min) of NK cells from healthy donors in the presence of PF
with high concentration of sB7-H6 (> 3.5ng/mL) (five representative donors) or with low/negative sB7-
H6 (< 0.3 ng/mL) (five representative donors) was done on ice. In comparison, the same cells were
incubated also at 37°C for a short time or O.N. (top). Then, NK cells were analyzed by flow cytometry
with anti-NKp30 mAb. One representative experiment out of ten is shown (bottom). The black line rep-
resents the expression of NKp30 in NK cells treated with PF characterized by high sB7-H6.

mal levels of this receptor (not shown).
Since previous data indicated that
TGFR1 can downmodulate the surface
expression of NKpSO,43 it cannot be
excluded that the downmodulation of
NKp30 may be the result of the com-
bined action of sB7-H6 and TGEFR1
that are enriched in the PF of patients
with an NKp30low phenotype.

IL18 present in the PF is primarily
responsible for additional phenotypic
changes observed in PF-NK cells

on the surface of PF-NK cells (Fig. 6A). More specifically,
patients displaying an important decrease in the expression of
NKp30 exhibited also a high concentration of sB7-H6 in the PF.
On the other hand, patients displaying higher levels of surface
NKp30 on PF-NK were characterized by low/negative concentra-
tion of sB7-H6 in PF (Fig. 6A, B).

Statistical analysis indicated that a direct correlation between
the level of NKp30 downmodulation on tumor-associated NK
cells and sB7-H6 concentration in the PF could be established
(Fig. 6B).

Thus, these results, by revealing the existence of an interesting
correlation between the reduction of NKp30 expression on
tumor-associated NK cells and the detection of sB7-H6 in PF,
suggest that the reduction may be due to modulation induced by
the soluble form of the NKp30 ligand (Fig. 6B).

To verify whether the NKp30low phenotype in NK cells was
due to the receptor modulation induced by the chronic receptor—
ligand interaction or to simple sB7-H6-mediated masking of the
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To further characterize the soluble
factor(s) potentially involved in the shaping of the phenotypic/
functional characteristics of PF-NK cells, PF were analyzed for
the presence of up to 50 soluble mediators using a Multiplex
Assay (see Materials an Methods). As shown in Fig. 7A, the PF
analyzed contained substantial amounts of MIG/CXCL9 and IP-
10/CXCL10 (ligands of CXCR3) involved in the preferential
recruitment of CD56""8" NK cells,”® as well as growth factors
including MCP-1 (CCL2), MIF, and MIP-1 that recruit innate
cells, including monocytes, macrophages, granulocytes, and den-
dritic cells at inflammartory sites. Importantly, this analysis also
revealed the presence of various pro-inflammatory cytokines,
including IFNv, IL18, and IL12 (both p40 and p70) (Fig. 7A).

Interestingly, we also observed that NK cells from healthy
donors, cultured in the presence of PF (derived from patients dis-
playing either normal or low expression of NKp30) acquired
some of the phenotypic features typical of PF-NK cells (Fig. 7B).
These included the expression of activation markers such as

CD25 and CDG9, the de novo expression of CCR7 on the
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Figure 7. Soluble factors present in PF of ovarian carcinoma
patients: evidence that IL18 modulates the expression of additional
NK receptors. (A) PF from 50 patients was independently assessed by
multiplex analysis for the presence of a series of soluble factors in differ-
ent concentration. Some of these are shown with a high scale up to
400 ng/mL (black bars), others, present in lower doses, are shown with a
low scale up to 6 ng/mL (gray bars). (B) Purified NK cells from healthy
donors were cultured in medium or resuspended in PF from ovarian car-
cinoma patients either in the presence or in the absence of a blocking
anti-IL18 mAb. After O.N. incubation, NK cells were analyzed by cyto-
fluorimetric analysis for the expression of CD69, CD25, CD16, and CCR7
receptors in combination with CD56. One representative experiment out
of ten is shown. The percentages (and the geo-mean (Gm) when indi-
cated) of expression of the various receptors analyzed are indicated in
the upper-right quadrants of each panel.
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CD56%" cell subset and the downmodulation of CD16 (and
CXCR1, not shown). This phenotype was compatible with the
effects mediated by 118, and in fact it was substantially
reversed by anti-IL18 mAbs (Fig. 7B), thus indicating that this
cytokine may play a major role in the acquisition of the PF-NK
surface phenotype. In NK cells from healthy donors cultured in
the presence of PF we could detect also downmodulation of
NKp30 (but not of NKp46). This effect however was only
observed with PF derived from patients expressing an NKp30low
phenotype that were characterized by high levels of sB7-H6. In
this case the anti-IL18 mAbs did not affect the expression of
NKp30 and of NKp46 (not shown). On the other hand, no sig-
nificant NKp30 modulation could be observed after culture of
NK cells in the presence of PF derived from patients expressing
an NKp30high phenotype (not shown) characterized by low/
negative sB7-H6.

Analysis of NK receptor ligands on ovarian carcinoma cells

In limited number of cases, we were able to isolate enough
tumor cells for subsequent cytofluorimetric and mRNA analysis.
In these experiments, tumor cells (expressing an ESA™ and
Cal125" phenotype)®” * were analyzed for the expression of
ligands specific for different NK cell receptors. As shown in
Fig. 8A, these cells expressed HLA class-I molecules and some
activating NK receptor ligands including PVR and Nectin-2
(DNAM-1 ligands), while they did not express MIC-A, MIC-B,
and ULBPs (NKG2D ligands).19 At least in patients character-
ized by the NKp30low phenotype, tumor cells expressed also B7-
H6 (NKp30 ligand), although, in some of the cases analyzed,
this molecule was only detectable in the cytoplasm and not at the
cell surface (Fig. 8B). On the other hand, in patients character-
ized by lack of NKp30 downmodulation, B7-H6 could not be
detected neither on the surface nor in the cytoplasm of tumor
cells (see patient 5 in Fig. 8B). Finally, the same ovarian carci-
noma cells as well as K562 (as control) were analyzed by RT-
PCR for B7-H6 mRNA expression (Fig. 8C). Data from these
experiments essentially correlated with those obtained by flow
cytometric analysis.

Discussion

In the present study, we analyzed the phenotypic and func-
tional properties of tumor-associated NK cells derived from PFs
of a selected cohort of patients with seropapillary ovarian carci-
noma. Our data indicate that in a fraction of these patients the
expression of the activating receptor NKp30'® is substantially
reduced in tumor-associated NK cells as compared to autologous
PB-NK cells. Remarkably, the aberrant expression of this activat-
ing receptor was correlated with the expression of one of its cellu-
lar ligands (B7-H6)** ?7 in tumor cells and in the PF. Patients
expressing low levels of NKp30 displayed an impaired NK-medi-
ated antitumor cytolytic activity and low IFNvy production in
response to B7-HG6™ target cells. These data suggest a possible
novel mechanism by which in this type of tumor the microenvi-
ronment (e.g., tumors cells and soluble factors) may contribute
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However, while NKp30 expression was
reduced in a portion of the patients,
the downmodulation of DNAM-1 was
detectable in all patients analyzed,
including those affected by other ovar-
ian carcinoma subtypes. These data are
in line with those recently reported by
Carlsten et al. showing that, in patients
with ovarian carcinoma, chronic
DNAM-1/CD155 interactions in the
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Figure 8. Phenotypic and molecular analysis of ovarian cancer cells. (A) Tumor cells, freshly iso-
lated from PF, were analyzed for the expression of specific tumor markers, such as ESA, CD90, Ca125,
and of ligands for different NK cell receptors. Histograms indicate the percent of tumor cells positive
for the indicated molecules (n = 30). ULBPs: ULBP1,2,3. (B) Tumor cells, freshly isolated from PF, were
analyzed for the surface (top) or the cytosolic (bottom) expression of the NKp30 ligand B7-H6, in com-
parison with the K562 cell line. Four representative cases of patients characterized by downregulation
of NKp30 on PF-NK cells and one patient (patient 5) with no NKp30 downregulation are shown. Solid
lines constitute isotype controls. (C) B7-H6 mRNA expression was analyzed by RT-PCR in K562 cell line
and in tumor cells freshly isolated from PF. Primers specific for 3-actin were utilized as positive control.
PCR products were run on a 1.5 % agarose gel and visualized by ethidium bromide staining.

expressed in PF-derived cancer cells
either at the cell surface or in the cyto-
plasmic compartment. In addition, a
soluble form of this molecule (sB7-H6)
could be detected in the PF of the
patients. In this context, a soluble form
of this molecule released in membrane
vesicles by monocytes and neutrophils
after TLR-mediated activation was

to the escape from immune surveillance by inducing impairment
of the NK-mediated activity.

Ovarian cancer is the fourth leading cause of cancer-related
death in women. Its poor prognosis is mainly due to the difficulty
in early detection because of the general asymptomatic presenta-
tion of the disease.”> This study included 50 patients with ovar-
fan carcinoma of seropapillary histotype that is the most
common ovarian cancer subtype.*®*""*> More than 50% (35/50)
of these patients showed altered expression of the activating
NKp30 receptor on tumor-associated NK cells. Apparently this
modulation was frequent in this tumor subtype, while it was rare
(3/17) in other ovarian carcinoma subtypes, including serous,
clear cell, endometrioid, and mucinous>****” (not shown). We
found that the NKp30 downregulation was associated with the
downmodulation of another activating receptor, DNAM-1.
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recently demonstrated in inflamma-
tory/pathological conditions.”® In this
study, sB7-H6 was associated with an impairment of NKp30
expression and function. Moreover, it has been recently shown
that sB7-H6 was detectable in sera of certain melanoma patients
and that the release of this soluble form was regulated by the met-
alloproteases ADAM-10 and ADAM-17.% In this case, sB7-H6
generated by ectodomain shedding had no impact on NKp30
expression. Another recent report showed that the expression of
B7-HG6 in various tumor cell lines was regulated by histone deace-
tylase inhibitors (HDAC).% Interestingly, a soluble and exoso-
somal form of another NKp30 ligand, termed BAG6/
BAT3,?>° was recently described in the plasma of chronic
lymphocytic leukemia (CLL) patients with the highest levels at
the advanced disease stages. At this regard, unfortunately the
expression of BAG6 on tumor cells and in ascites could not be
analyzed due to the unavailability of specific reagents.
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Remarkably, we found that the expression of B7-H6 on tumor
cells and/or the presence of high concentrations of sB7-H6 in PF
were associated with low NKp30 expression on NK cells. The
NKp30low phenotype was even more evident in patients who
concomitantly exhibited sizeable concentrations of the immuno-
suppressive TGFB1 factor in the PF. In order to assess whether
the NKp30 downregulation could have any effect on NK cell
function, we performed a series of functional assays in which NK
cells were stimulated with target cells expressing surface B7-H6
molecules. We show that tumor-associated NK cells displaying
an NKp30low phenotype had a reduced ability to recognize and
kill target cells expressing the surface ligand for this receptor,
including the K562 cell line and BW-B7-H6 cells. Only occa-
sionally sufficient amounts of fresh autologous tumor cells could
be collected to perform cytotoxicity experiments. These experi-
ments essentially confirmed the impairment of tumor cell recog-
nition by PF-NK cells (not shown).

Our results suggest that chronic receptor-ligand interaction
may cause loss of NKp30 expression on NK cells in the tumor
microenvironment, thereby contributing to poor NK cell-medi-
ated elimination of ovarian carcinoma cells. In all patients, how-
ever, PF-NK cells were characterized by lower content of
perforin and granzyme as compared to PB-NK cells. As a result,
the cytolytic activity was reduced also in patients expressing nor-
mal levels of NKp30. In this case, however, the ability of PF-
NK cells to degranulate in response to B7-H6" rtarget cells
(K562) was approximately the same as the one of PB-NK cells
(Fig. 3B).*! Thus, it is presumable that the cumulative effect of
the decreased expression of activating receptors (e.g., NKp30
and DNAM-1) and of components of the cytotoxic apparatus
(e.g., perforin) could be responsible for a reduced NK cell-
mediated detection and destruction of tumor target cells. In this
context, we failed to detect reduced responsiveness to NKp46
or NKG2D mAbs in redirected killing assays in which the cyto-
lytic activity of PF-NK cells expressing NKp30 low or NKp30
high was comparatively evaluated (not shown). This is reminis-
cent of data from Arnon TI et al.>! who reported that the inhi-
bition induced by the interaction between NKp30 and pp65
CMV protein is specific and does not affect other pathways of
NK cell activation.

In line with the functional impairment in terms of degranula-
tion and cytolytic activity we show that tumor-associated NK
cells displayed also a defect in the ability of releasing IFN<y when
stimulated with B7-H6™" target cells (although the ability of
releasing this cytokine was not compromised in experiments in
which the same NK cells were stimulated in the presence of
rIL124-rIL18 (see Fig. 5).

The analysis of soluble factors present in the PF allowed the
detection not only of B7-H6 and TGF1 that are likely to pro-
mote the acquisition of the NKp30low phenotype but also of
other important citokines that may modulate NK cell functions.
For example, we detected the presence of chemokines such as
MIG/CXCL9 and IP-10/CXCL10, that are able to preferentially
attract CD56"8" NK cells, that express CXCR3.%® This may
contribute at least in part to the recruitment of these cells in PF
and may explain their increment as compared to CD56™" NK
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cells at these sites, further compromising the situation since it is
known that this cell subset is less active against tumor cells being
characterized by a limited cytotoxic activity.

Among the different soluble factors detected in the PF, IL18
may account for a series of additional phenotypic and functional
modifications observed on tumor-associated NK cells.”> For
example, the phenotypic modifications could include the down-
regulation of CD16, the upregulation of activation markers
(CD25 and CDG6Y) and the de novo expression of CCR7 on a
fraction of CD56™" NK cells. It is also likely that IL18 may be
responsible, at least in part, for a reduced cytolytic activity of PF-
NK cell and for their high ITFNvy production.®® In this context,
we found that exposure of healthy PB-derived NK cells to perito-
neal effusions from patients with NKp30 downregulation could
induce not only the down-modulation of NKp30 expression but
also the acquisition of the above IL18-induced phenotypic modi-
fications of NK cells that could be inhibited in the presence of
blocking anti-IL18 mAbs (Fig. 6).

In conclusion, our study provides a novel molecular mecha-
nism that may contribute to impaired NK cell-mediated tumor
rejection in ovarian carcinoma. We have shown that the loss of
NKp30 expression on tumor-associated NK cells results in
impaired NK cell function caused by the inability to efficiently
recognize cells expressing an NKp30 ligand termed B7-H6.
This ligand can be expressed by the tumor but can also be
released in soluble form in the tumor environment by tumor
cells (and likely by other cell types present in the tumor, e.g.,
monocytes/macrophages).”**® Thus, the chronic receptor—
ligand interactions that in the tumor environment induce loss
of NKp30 may be due to continuous perturbation by soluble or
surface-bound B7-H6 molecules. The downmodulation of
NKp30 expression was detected in >50% of the patients
affected by ovarian carcinoma of seropapillary histotype, but
was rare in other subtypes of ovarian carcinoma. This may
explain why in other studies performed on ovarian carcinomas
of various subtypes the impairment of this receptor could not
be appreciated. Our present results may help to refine the selec-
tion of a subset of patients with ovarian carcinoma and may
provide important implications for the design of future proto-
cols of adoptive NK cell- and Ab-based immunotherapies for
this subtype of tumor.”">?

Materials and Methods

Patients and samples

This study included 50 patients with ovarian carcinoma of
seropapillary histotype, subjected to primary surgery before che-
motherapy.* The clinical stage of the patients was I1IC, according
to FIGO (International Federation of Gynecologists & Obstetri-
cians) classifications.”” The study was conducted in accordance
with a protocol approved by the Spedali Civili of Brescia institu-
tional ethical board and informed consent was obtained from all
patients according to the Declaration of Helsinki.

Buffy-coats (healthy controls) were collected from volunteer
blood donors admitted at the blood transfusion center of IRCCS
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S. Martino-IST. All biological samples were collected after
obtaining informed consent and the study was approved by the

Ethical committee of IRCCS S. Martino-IST (39/2012).

Monoclonal antibodies

The following mAbs generated in our laboratories (Laboratory
of Molecular Immunology, DIMES, University of Genoa and
Department of Molecular and Translational Medicine, Univer-
sity of Brescia), were used in this study: BAB281 and KL247
(IgG1 and IgM, ant-NKp46, respectively), AZ20 and F252
(IgG1 and IgM, anti-NKp30, respectively), Z321 (IgG1, anti-
NKp44), ON72 (IgG1, anti-NKG2D), SUS142 (IgG2b, anti-
CD16), C227 (IgG1, ant-CDG69), FS123 and F5 (IgG2a and
IgM, anti-DNAM-1, respectively), 11PB6 (IgGl, ant-
KIR2DL1/S1), GL183 (IgGl, anti-KIR2DL2/L3/S2), AZ158
(IgG2a, anti-KIR3DL1/S1/L2), Z199 (IgG2b, anti-CD94/
NKG2A), 5A10 (IgG1, anti-poliovirus receptor PVR), A6/136
(IgM, anti-HLA-I), L14 (IgG2a, anti-Nectin-2) MAR93 (IgGl1,
anti-CD25), PP35 (IgGl, anti-2B4), BAM195 (IgGl, antu-
MICA), 7E22 (IgG1, ant-ICAMI). Anti-B7-H6 (IgG1) was
produced at the Centre d’'Immunologie de Marseille-Luminy.
The following purchased mAbs were used in this study: anti-
CXCR1 (IgGl, Santa Cruz biotechnologies, Santa Cruz, CA;
USA), ant-ESA (IgGl, Novocastra Laboratories Ltd), anti-
Cal25 (IgG1, anti-MUC16 Novocastra Laboratories Ltd), anti-
CD90, anti-CD107a PE-labeled, anti-IFNvy PE-labeled (IgG1,
BD-Bioscience, Pharmigen CA, USA), mixture of FITC-labeled
CD3 plus PC5-labeled CD56, FITC-labeled CD20 and FITC-
labeled CD14 (Beckman Coulter, Immunotech, Marseille,
France), anti-hCCR7 IgG2A and anti-CXCR3 IgG1 (R&D Sys-
tems, MN, USA), anti-Perforin PE (Ancell, MN, USA), anti-
Granzyme PE (Alexis Biochemicals, CA, USA), anti-human
MICB (IgG2B, R&D Systems Inc..Abingdon, UK), anti-
ULPB1 (clone M295), anti-ULBP2 (clone M310), and anti-
ULBP3 (clone M550) (Amgen, Seattle, WA), anti-Muc-1 Glyco-
protein (IgG1, Novocastra Laboratories Ltd, Newcastle, UK),
anti-TGF-B1 and anti-TGF-B2 (R&D Systems).

Cell preparations and flow cytometry analysis

Mononuclear cells from heparinized PB and from PF were
obtained by density gradient centrifugation over Ficoll (Sigma,
St. Louis, MO), then resuspended in RPMI 1640 medium, sup-
plemented with 2 mM glutamine, 50 pg/mL penicillin, 50 g/
mL streptomycin and 10% heat-inactivated FCS (Fetal Calf
Serum, Sigma, St. Louis, MO).

Pure populations of NK cells were obtained from mononu-
clear cells using the NK cell isolation kit (Miltenyi Biotec, Ber-
gisch Gladbach, Germany) according to the manufacturer’s
instruction. The purity of NK cells was greater than 98% (NK
cells defined as CD56TCD37).

To obtain activated polyclonally expanded NK cells, freshly
isolated NK cells were cultured on irradiated feeder cells in the
presence of 100 U/mL recombinant human IL-2 (Proleukin; Chi-
ron) and 1.5 ng/mL phytohemagglutinin (PHA) (GIBCO Ltd).

NK cells from PB and PF were first stained with appropriate
primary mAbs followed by PE-conjugated isotype-specific goat
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anti-mouse secondary reagent (Southern Biotechnology, Bir-
mingham, AL) then the cells were stained with a mixture of
FITC-labeled CD3 and PC5-labeled CD56, FITC-labeled
CD20 and FITC-labeled CD14. NK cells analysis by flow
cytometry was performed by gating on CD56" CD3~ CD20~
and CD14" cells. Perforin and granzyme B expression analyses
in NK cells were performed using purified anti-perforin mAb
and purified anti-granzyme B mAb, respectively, after fixation (in
1% paraformaldehyde) and permeabilization. (Cytofix/Cyto-
perm, BD-Bioscience, Pharmigen CA, USA).>?

Ovarian cancer cells were accessible as single-cell suspensions
in ascites fluid of patients with advanced disease. To obtain
enriched freshly epithelial ovarian carcinoma cells from PF, after
depletion of plastic-adherent cells, cell populations from PF were
incubated with anti-CD45 and anti-CD90 mAbs followed by
goat anti-mouse coated Dynabeads and immunomagnetic deple-
tion (Magnetic Dynabeads Goat anti-Mouse IgG). The purity of
epithelial ovarian carcinoma cells (defined as ESA™ cells) was
about 80%. ESA™ enriched tumor cell populations were analyzed
by flow cytometry without further processing or culturing. Cells
acquisition was performed on a FACSCanto flow cytometer or
on a FACSCalibur flow cytometer and data analyzed using the
Diva software or the CellQuestPro software respectively (Becton
Dickinson, Mountain View, CA).

Cell lines and cytotoxicity assays

The following target cells were used in this study: the human
erythroleukemia K562 cell line, the murine thymoma cell line
BW1547 (BW) and BW-B7-H6 cells. BW-B7-H6 cells were pre-
pared by retrovirus gene transfer. B7-H6 ORF cDNA was
obtained by RT-PCR from human myelomonocytic cell line
MMB6 and subcloned in pMXs-IG (IRES-GFP) retrovirus vector
(kindly provided by Dr. Kitamura, Tokyo, Japan). The pMXs-
IG-B7-H6 construct was transiently transfected into Plat-E pack-
aging cell line in order to generate viral particles that were used
to infect BW cells. B7-H6-positive cells were selected and
enriched by staining with soluble NKp30Fc receptor followed by
microbeads coated with mouse anti-human IgG (Miltenyi Bio-
tec). Subsequently, B7-H6-positive cells were subcloned by limit-
ing dilution.

Tumor cells from patients were limited in number and
not proliferating in culture conditions, so it was not possible
to obtain primary lines. All the experiments were performed
fresh isolated tumor cells without further processing or
culturing.

Purified NK cells or PBMC derived from patient PB and PF
and from healthy donor PB were cultured O.N. in the presence
of IL2 and then tested for cytolytic activity in a 4-h >'Cr release
assay as previously described,’® in the absence or in the presence
of various mAbs. MAb concentration for the masking experi-
ments was 10 pg/mL.

Analysis of NK cell degranulation and IFN7y production

To obtain pure (>90%) lymphocyte cell populations, ESA™,
and CD90™ cells were depleted (using Magnetic Dynabeads
Goat anti-Mouse IgG) from PF.
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For degranulation assay, PB and PF lymphocytes were cul-
tured O.N. in the presence of IL2 and then coincubated with
K562 target cells at an E/T ratio of 1:2 in a final volume of
200 pL in round-bottomed 96-well plates at 37°C and 5% CO,
for 4 h in culture medium supplemented with anti-CD107a-PE
mAD. After 1 h of coincubation, GolgiStop (BD Biosciences
PharMingen, San Diego, CA, USA) was added at a 1:100 dilu-
tion. Surface staining was done by incubating the cells with anti-
CD3, anti-CD56, anti-CD20, and anti-CD14 mAbs for 30 min
at 4°C. The cells were washed and analyzed by flow cytometry
(FACSVerse, Becton Dickinson). Analysis of NK cells was made
on CD56" CD3™ CD20~ CD14 ™ gated cells.

To detect intracellular production of IFNvy, PB, and PF
lymphocytes were incubated with IL18 0,1 ng/mL+IL15
0,2 ng/mL for O.N. period. Then PB- and PF-lymphocytes
were washed and cultured with IL12 1 ng/mL+IL18 100 ng/
mL or coincubated with target cells (K562, BW, BW-B7-H6)
at an E/T ratio of 1:2 in a final volume of 200 pL in V-bot-
tomed 96-well plates at 37°C and 5% CO, for 4 h in the
presence of GolgiStop. Thereafter cells were washed, stained
as described above for CD107a assays and then fixed and per-
meabilized with BD Cytofix/Cytoperm kit from BD Biosci-
PharMingen. detected by
subsequent intracellular staining with anti-IFNvy-PE and cyto-

ence IFNy production was
fluorimetric analysis. The percent of positive cells was calcu-
lated subtracting the baseline CD107a or IFNvy expression in
control cultures without stimuli from targets.

Cytokine production

We analyzed supernatants obtained from peritoneal fluid for
the presence of different soluble factors. In particular, soluble
B7-H6 (sB7-H6) was measured in cell supernatants by enzyme-
linked immunosorbent assay (ELISA) as previously described.”®

To analyze the presence of a panel of different soluble factors
we used three different kits (Bio-Plex Pro Human Cytokine 27-
plex Assay, Bio-Plex Pro Human Cytokine 21-plex Assay, Bio-
Plex Pro TGFB Premixed Assay) from Bio-Rad (Hercules, CA,
USA) and all assays were performed according to Biorad kit pro-
cedures. In some cases, results obtained with Bio-Plex assays were
confirmed by ELISA. ELISA kits used were: IFNvy, IL-12p40,
IL12p70, (BioSource International, Inc.), and IL-18 (Medical
Biological Laboratories). For the analysis of soluble factors pres-
ent in patients ascites, human AB plasma (ICN Biomedical, Inc.
Ohio 44202) collected from healthy donors was used as a con-
trol. For each soluble factor, the value of human AB plasma was
subtracted from the value obtained from patients. Data were col-
lected and analyzed; the results are shown as the mean of the
observed concentration and the standard error of the mean.
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RT-PCR

Total RNA was extracted using RNAeasy Mini Kit (Qiagen,
Hilden, Germany) from K562 cell line and from ovarian carci-
noma cells. Oligo(dT)-primed cDNA was prepared by standard
technique using a Transcriptor First Strand cDNA Synthesis Kit
(Roche diagnostic, Mannheim, Germany). Reverse transcription
was performed at 42°C for 10 min and at 55°C for 50 min.
PCR amplifications were carried out for 30 or 35 cycles with
Platinum TAQ (Invitrogen, Carlsbad, CA) following man-
ufacturer’s instructions. Primers used were: B-actin up 5" ACTC-
CATCATGAAGTGTGACG  and  B-actin  dw 5
CATACTCCTGCTTGCTGATCC; H6 for 5 CAGTTGCC-
GAAGGGATCTG and H6 rev 5 GGTAGAACCCACTT-
GACTCA. PCR products (249 bp fragment for B-actin and
677 bp for B7-H6) were run on a 1.5% agarose gel and visual-
ized by ethidium bromide staining.

Statistical analysis

Mann-Whitney non-parametric test were employed for evalu-
ating quantitative variables. The statistical level of significance (p)
is indicated. Graphic representation and statistical analysis were
performed using the PASW Statistics, version 20.0 software (for-
merly SPSS Statistics) (IBM, Milan, Italy) and GraphPad Prism
6 (GraphPad Software La Jolla, CA).
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