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ABSTRACT

Introduction Natural killer (NK) cells are innate lymphocytes
with a key role in the defense against tumors. Recently,
allogeneic NK cell-based therapies have gained interest
because of their ability to directly lyse tumor cells without
inducing graft-versus-host disease. As NK cells are also able
to influence the function of other immune cells (most notably
dendritic cells (DC)), a better understanding of the effects of
allogeneic NK cell products on the host immune system is
required. In this study, we analyzed the effects of an allogeneic
off-the-shelf NK cell product, on the tumor microenvironment
(TME) of primary and metastatic colorectal cancer (pCRC and
mCRC, respectively). Moreover, we explored if the combination
of NK cells with R848, a toll-like receptors 7/8 ligand, could
further enhance any pro-inflammatory effects.

Methods Ex vivo expanded umbilical cord blood stem cell
derived NK cells were co-cultured with pCRC or mCRC single-
cell suspensions in the presence or absence of R848 for
5days, during and after which flow cytometry and cytokine
release profiling were performed.

Results NK cells efficiently induced lysis of tumor cells in
both pCRC and mCRC single-cell suspensions and thereby
controlled growth rates during culture. They also induced
differentiation of infiltrating monocytic cells to an activated DC
phenotype. Importantly, this NK-mediated myeloid conversion
was also apparent in cultures after tumor cell depletion and
was further enhanced by combining NK cells with R848.
Moreover, NK cells, and to a greater extent, the combination of
NK cells and R848, triggered CD8* and CD4* T-cell activation
as well as a reduction in activated regulatory T cell rates.
Finally, the combination of NK cells and R848 induced a pro-
inflammatory shift in the cytokine release profile resulting in
higher levels of interferon (IFN)-v, interleukin (IL)-2, IL-12p70,
and IFN-oc as well as a reduction in IL-6, in both pCRC and
mCRC cultures.

Conclusion Allogeneic NK cells engaged in favorable myeloid
crosstalk, displayed effective antitumor activity and, when
combined with R848, induced a pro-inflammatory shift of the
CRC TME. These findings prompt the investigation of NK cells
and R848 as a combination therapy for solid tumors.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Allogeneic natural killer (NK) cells are gaining inter-
est in the field of cancer immunotherapy because
of their ability to directly lyse tumor cells without
inducing graft-versus-host disease. Moreover, in
mouse models and in in vitro models of human
monocyte-derived dendritic cells (DC) NK cells
have been shown to activate DC through contact-
dependent crosstalk.

WHAT THIS STUDY ADDS

= Here, for the first time, the effects on the human tu-
mor microenvironment of a clinical-stage allogeneic
NK cell product were studied in short-term co-cultures
with patient-derived single-cell suspensions of prima-
ry and metastatic colorectal tumors. We show that
these NK cells not only controlled tumor growth but
also induced the differentiation of infiltrating monocyt-
ic cells to an activated DC-like phenotype. Moreover,
alone, but to a greater extent in conjunction with the
toll-like receptors 7/8 agonist R848, the NK cells trig-
gered activation of tumor-infiltrating CD8" and CD4*
T cells, reduced activated regulatory T cell rates, and
induced a pro-inflammatory cytokine and chemokine
release profile.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings indicate that allogeneic NK cells may
enhance the efficacy of T cell-based immunothera-
pies and prompt further investigation of their appli-
cation in the treatment of solid tumors.

INTRODUCTION

Colorectal cancer (CRC) is the third leading
cause of cancer worldwide and, despite
therapeutic advances, the second cause of
cancerrelated death.' Over the past years,
the interest in immunotherapy has risen due
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to its success in achieving long-term durable responses in
some solid tumors such as melanoma and lung cancer.”
However, while immune checkpoint inhibitor thera-
pies have been approved for CRC with mismatch repair
deficiency or with high levels of microsatellite instability
(MSI), clinical outcome in patients who are mismatch
repair proficient, microsatellite stable (MSS) or with low
levels of MSI, have so far been disappointing, underlining
the need for new therapeutic strategies.

Natural killer (NK) cells are innate lymphocytes, mostly
known for their ability to lyse virus-infected and cancer
cells in absence of prior immune sensitization.” Multiple
studies have shown that a lower NK cell percentage in
blood and lower numbers of infiltrated NK cells in the
tumor in patients with CRC correlates with poor overall
survival.* ® In addition, NK cells derived from patients
with CRC often show impaired cytotoxic functionality
compared with healthy donors.® These findings hint at
a role for NK cells in CRC tumor control. Recently, the
use of allogeneic NK cells as an anticancer therapy has
caught the attention of the scientific community due
to the anticancer activity of allogeneic NK cells in the
absence of graftversus-host disease.” ® Clinical successes
were achieved with allogeneic NK cell therapy for the
treatment of acute myeloid leukemia but challenges in
the treatment of solid tumors remain, such as migration
to the tumor and the immunosuppressive tumor micro-
environment (TME).’ New strategies to overcome these
issues are currently being developed, such as genetic
modification of NK cells to increase migration efficacy or
combination therapies to overcome immunosuppression
in the TME.

Besides their direct cytotoxic capacity, NK cells can
also affect antitumor immunity through their crosstalk
with other immune cells.” In particular, NK cells were
shown to crosstalk with dendritic cells (DC), that is,
professional antigen presenting cells, vital for priming
and recruitment of effector T cells, and characterized by
high phenotypic plasticity."” NK cells have been shown
to induce the migration and the maturation of DC, via
the production of cytokines (eg, interferon (IFN)-y and
tumor necrosis factor (TNF))!'! and chemokines (eg, X-C
Motif Chemokine Ligand (XCL)1 and C-C Motif Chemo-
kine Ligand (CCL)5)'? as well as via contact-dependent
interactions.' ¥ 1* Vice versa, DC were found to influence
NK cell activity through the release of various cytokines
(eg, IFN-a/fB, interleukin (IL)-12, IL-18, and IL-15),
enhancing their survival, activation and proliferation."
Importantly, NK-DC crosstalk can mediate cytotoxic and
helper T-cell activation in patients with cancer, leading to
increased response to immune checkpoint inhibitors.'”
DC comprise a variety of subsets including conventional
DC subsets (cDC1-cDC3), plasmacytoid DC, and inflam-
matory monocyte-derived DC (MoDC).'® In the TME, the
function of DC can be compromised by various immune
suppressive factors, mostly soluble and derived from
tumor cells and fibroblasts, including IL-6, IL-10, and
prostaglandins, leading to hampered DC differentiation

and maturation.'”” The high plasticity of the myeloid
lineage complicates the distinction between in particular
cDC2, MoDC and monocytes/macrophages and most
profoundly so in the TME, where variations in (immune
suppressive) cytokine profiles result in a spectrum of
macrophage-like and DC-like states that can transition
into one another, although in general tumor-promoting
M2-like macrophages dominate.'®'® Thus, besides investi-
gating the direct efficacy of an adoptive NK cell therapy,
itis equally important to explore the immune modulatory
effects of NK cell therapy in the TME of the host.

In this study we demonstrate that an off-the-shelf alloge-
neic NK cell therapy, further referred as NK cells, derived
from expanded and differentiated umbilical cord blood
(UCB) CD34" hematopoietic stem cells, controls the
growth of tumor cells in co-cultures of patient-derived
primary or metastatic CRC (pCRC and mCRC, respec-
tively) single-cell suspensions (SCS) as well as induces a
shift in monocytic myeloid cells (MoMC) from a macro-
phage to a DC phenotype and T lymphocyte activation.
Moreover, we investigated the combination of NK cells
with R848, an agonist for the toll-like receptors (TLR)7/8,
which are expressed by various immune cells (including
DC, monocytes/macrophages, T cells and NK cells)."? As
TLR7/8 engagement was shown to mediate antitumor
responses,”’ we explored whether R848 could induce a
more pro-inflammatory TME and thereby support the
migration and antitumor activity of NK cells. We show
that this combination further enhanced myeloid differ-
entiation and maturation as well as lymphocyte activation.
Thus, our data support further exploration of combined
allogeneic NK and TLR agonist-based therapies to
condition the CRC TME in support of more effective
immunotherapy.

METHODS

Hematopoietic stem cell isolation and NK cell culture

The off-the-shelf allogeneic NK cell product (GTA002)
(Glycostem Therapeutics, Oss, The Netherlands) was
derived from expanded and differentiated CD34" hema-
topoietic stem cells. The hematopoietic stem cells were
selected from UCB and cultured into fully activated
CD56" NK cells over 28 days and subsequently cryopre-
served as previously described.?’ On thawing, the cells
were cultured for an additional 5-7 days before use, using
the same protocol as before freezing.

Collection and dissociation of primary and metastatic CRC
samples

Untreated pCRC and mCRC tissue samples were
collected from patients on informed written consent at
the Amsterdam UMC (location VU University Medical
Center).” * pCRC samples were collected as part of an
autologous tumor cell-based vaccination trial from patients
with stage I/II CRC.”?> mCRC samples were collected
from patients with peritoneal metastasis scheduled for
cytoreductive surgery before the start of hyperthermic
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intraperitoneal chemotherapy. The samples were enzy-
matically dissociated into SCS and cryopreserved as previ-
ously described.***

Co-culture of pCRC-SCS and mCRC-SCS and NK cells

pCRC-SCS and mCRC-SCS were co-cultured with NK cells
in a 1:1 ratio in the presence or absence of R848 (10pg/
mL, Invivogen). The 1:1 ratio was based on the whole
SCS as quantified using a microscope-based counting
chamber. 6x10° cells from the SCS were plated with and
without 6x10° NK cells. The cells were incubated at 37°C
in a 5% CO, humidified atmosphere in a 24 wells plate

(Corning) in 600 pL of Roswell Park Memorial Institute
medium (RPMI; Gibco) supplemented with 10% fetal calf
serum (FCS; Sartorius), 100 U/mL penicillin, 100 pg/mL
streptomycin, 0.3mg/mL glutamine (PSG; Gibco), 0.05
mmol/L 2-mercaptoethanol (2-ME; Merck) and genta-
micin/amphotericin (Gibco). After 2 and 5days, super-
natant was collected, cells were harvested with trypsin
(Gibco) and subsequentially stained for flow cytometry
analysis. Baseline (day 0) staining was also performed.
To assess the possible effect of NK cell-mediated tumor
control on monocytic differentiation, similar assays
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Figure 1

Characterization of the myeloid and lymphocytic compartment of pCRC-SCS and mCRC-SCS. (A) Baseline

expression of CD14 and CD1c on myeloid cells defined as CD45*HLA-DR™CD11c" and expression of CD88 and CD89 on

the different subsets defined by the expression of CD14 and CD1c. Concatenated data; pCRC n=4, mCRC n=6. Darker color:
stained; lighter color: FMO. (B) Expression of CD14 and CD1c on myeloid cells defined as CD45"HLA-DR"CD11c" after 5days
of culture. Concatenated data; pCRC n=4, mCRC n=6. (C) Differences in the myeloid subsets defined by the expression of
CD14 (CD14"°", CD149™ CD14") between pCRC (n=9) and mCRC (n=6) after 5days of culture. (D) Differences in the distribution
of CD8*, T helper and aTreg after 5days of culture. pPCRC n=4, mCRC n=6. (E) Cytometry bead array performed on the
supernatant of pCRC-SCS or mCRC-SCS after 5days of culture. pCRC n=9 (IL-6 n=5), mCRC n=6. The data are presented as
mean=SEM. Significance is presented as p<0.05*, <0.01**, 0.001***, 0.0001****. P values are determined by two-tailed t-test

(C, D) or Mann-Whitney test (E). CRC, colorectal cancer; FITC, fluorescein isothiocyanate, FMO, fluorescence Minus One; IFN,
interferon; IL, interleukin; mCRC, metastatic CRC; pCRC, primary CRC; PE-Cy7, PE-Cyanine7; SCS, single-cell suspensions;
aTreg, activated regulatory T cells.
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were performed by co-culturing tumor cell-depleted
PCRC-SCS in the presence or absence of NK cells and/
or R848. Due to variable epithelial cell adhesion mole-
cule (EpCAM) expression on tumor cells, the tumor
depletion was performed by isolating the CD45" frac-
tion by magnetic bead-activated cell sorting using CD45
MicroBeads (Miltenyi Biotec) according to the manufac-
turer’s instructions. The mean purity after isolation was
96.3% (SEM: 0.9).

Flow cytometry

Immunophenotypic analyses were performed using
flow cytometry (LSRFortessa, BD). A list of all the
fluorochrome-conjugated monoclonal antibodies (mAbs)
used for cell staining can be found in online supplemental
table S1. To perform cell surface staining, the SCS were
incubated with mAbs for 20-30 min at 4° in phosphate-
buffered saline (PBS, Fresenius Kabi) supplemented with
0.1% bovine serum albumin (Thermo Fisher Scientific)
and 0.02% NaN, (Merck) (fluorescence-activated cell
sorting (FACS) buffer) and subsequently washed with
FACS buffer. For intracellular staining (FoxP3 and cyto-
toxic T-lymphocyte-associated protein 4 (CTLA-4)), the
FoxP3 staining kit (eBioscience) was used according to
the manufacturer’s instructions. Data were analyzed
using FlowJo V.10.8.1 (BD Biosciences) or Kaluza V.2.1
(Beckman Coulter).

Cytometric bead array

A cytometric bead array was performed on the superna-
tants collected from the cultures at day 2 and 5 according
to the manufacturer’s protocol. A customized LEGEND-
plex (BioLegend) kit was used containing the following
analytes: C-X-Cmotifligand (CXCL)9, CXCL10, CXCLI1,
CCL4, CCL5, CCL20, TNF, IFN-o., IL-10, IFN-y, IL-12p70,
1L-2, IL-15, IL-18. For IL-6 measurements, the human
IL-6 Flex Set (BD Bioscience) was used according to the
manufacturer’s protocol.

Migration assay

Migration assays were performed with the supernatant
collected at day 2 from the cultures of pCRC-SCS and
mCRC-SCS with and without R848. NK cells were thawed
7days prior to the assay. At the time of the migration
assay, the NK cells were washed with PBS (Lonza) and
resuspended in unconditioned medium (RPMI supple-
mented with 10% FCS, PSG, 2-ME, and gentamicin/
amphotericin). Supernatants were added to the lower
compartment of a 96-transwell plate with 5pm pore filter
size (Corning). As a control, unconditioned medium was
added in the lower compartment to measure spontaneous
migration. Subsequently, 5x10° NK cells were loaded into
the transwell and allowed to migrate for 3.5hours. After
incubation, migrated cells were counted in the lower
compartment. Percentage of migration was calculated as
follows: % migration=(number of migrated CD56" cells —
number of spontaneous migrated CD56" cells) / (number

of total CD56" cells — number of spontaneous migrated
CD56" cells)x100%.

Cytotoxicity assay

To explore the cytotoxic potential of NK cells, cytotoxicity
assays were performed using pCRC-SCS and mCRC-SCS.
The cells were co-cultured in an NK:SCS ratio of 1:1
in a total volume of 200pL RPMI in a 96 wells plate
(Sarstedt). The readout was based on absolute numbers
of alive tumor cells [Epcam+CD45_7-aminoactinomycin D
(7AAD)] quantified with Quantibrite Beads (Invitrogen,
Thermo Fisher Scientific) and it was performed after 1, 2,
5 and/or 7days.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
software. Normality was assessed using the Shapiro-Wilk test
and the statistical tests were selected accordingly. To analyze
the differences between pCRC and mCRC at baseline and
at day 5, two-tailed t-test or the Mann-Whitney U test were
used. One-way analysis of variance (ANOVA) with Tukey
multiple comparison analysis or Friedman test with Dunn’s
multiple comparison analysis were used to assess the effects
in co-cultures of NK cells and/or R848 on the pCRC-SCS or
mCRC-SCS and vice versa. Means (and SEM) of obtained
data and which statistical tests were used can be found in
online supplemental tables S1-S5. Two-way ANOVA with
Tukey multiple comparison analysis was used to compare
the effects of NK cells and/or R848 on the tumor cell-
depleted and non-depleted pCRC-SCS. Finally, a correla-
tion analysis was performed using R V.4.0.3. The correlation
coefficients were calculated using the Spearman rank-order
correlation analysis. Significance is presented as p<0.05%,
<0.01%%, 0.001%%**, 0.0001 %%,

RESULTS

Characterization of the myeloid and lymphocytic
compartments of pCRC-SCS and mCRC-SCS

We first set out to identify and characterize the myeloid
DCs in cryopreserved SCS from untreated pCRC
and mCRC lesions. To this end, we gated CD45" cells
expressing high levels of HLA-DR and CD1Ic. To avoid
contamination of B cells (that share markers with DCs),
lymphocytes were excluded from our gating strategy
based on scatter properties. The employed gating strategy
is shown in online supplemental figure S1. At baseline,
we identified three main CD45"HLA-DR"CD11c™ popu-
lations based on the differential expression of CDlc
and CD14: CD14°CDI1c", CD14°CD1c’, and CD14", the
latter of which was clearly the predominant population
in both pCRC and mCRC samples (figure 1A) with a
slightly higher, although statistically significant, presence
in mCRC samples (online supplemental figure S2A). All
three subsets in pCRC were found to express both CD88
and CD89, both previously shown to be restricted to cells
of monocytic origins18 # while the subsets in mCRC mainly
expressed CD89 (figure 1A), showing that all CD45"HLA-
DR"CD11c" cells detectable in both pCRC and mCRC
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were MoMC, most likely representing a differentiation
continuum from monocytes/macrophages (CDIlc”
CD14") to MoDCs (CD1c'CD147). Predominance of the
CD14" subset is consistent with an immune suppressed
milieu unsupportive of DC differentiation.”> We did not
detect any bona fide CD88/89~ CD141/BDCA3" ¢DC1 or
CDl1c" ¢cDC2, also not when gating included the lympho-
cyte population and CD11c¢*™ cells, which might have
comprised ¢cDC1 (data not shown). Of note, no baseline
differences in the percentages of CD45" and CD45™ cells
were found between pCRC and mCRC samples (online
supplemental figure S2B).

After 5days of culture, all CD45"HLA-DR"CD11c" cells
expressed CDlc, indicative of a shift to a more DC-like
phenotype.” Post-culture, three subpopulations could
be defined based on the expression of CD14:CD14"%,
CD14%™ and CD14"™ (figure 1B) with the latter most likely
representing a more suppressed, M2-macrophage-like
phenotype.” All three MoMC populations maintained
expression of CD88 and CD89 with some variation in
intensity (online supplemental figure S3). Interestingly,
these populations were not equally distributed in pCRC
and mCRC, as mCRC-SCS showed a higher percentage
of CD14" cells, while higher levels of CD14™ cells were
found in pCRC-SCS (figure 1B,C). This difference most
likely indicates a higher level of immune suppression in
metastatic lesions.

At baseline and at day 5, lymphocyte content was also
assessed and the distribution of CD8*/CD4" T cells was
analyzed. For the employed lymphocyte gating strategy,
see online supplemental figure S4. pCRC-SCS comprised
higher levels of activated regulatory T cells (aTreg;
defined as FoxP3'CD45RA"CD25"¢")** compared with
mCRC-SCS both as baseline and after 5days of culture,
whereas no significant difference was found in CD8" and
T helper (Th) cell rates (figure 1D, online supplemental
figure S2C). Analysis of supernatants after 5 days of culture
revealed that mCRC released higher levels of the pleio-
tropic cytokines IL-10 and IL-18%" *® whereas the levels of
IL-2 and IFN-y, two cytokines produced by activated NK
and T cells,29 30 \were lower, again consistent with a state of
more profound immune suppression (figure 1E).

Maintained activated phenotype and tumor cytolytic
functionality of NK cells in the CRC TME

We assessed the migration capacity of NK cells towards the
supernatant of 2-day pCRC samples. After 3.5 hours of NK
cell seeding, 24.2% of the NK cells had actively migrated
towards the supernatant of the pCRC samples. This was
only marginally, though significantly, increased to 27.0%
when R848 was added to the tumor culture (figure 2A).
Despite the expected higher immune suppressive state of
the mCRC samples, similar levels of active NK cell migra-
tion were observed towards the supernatant of the mCRC
samples. In this setting, no R848-related benefit was
observed (figure 2A). This data indicates that the TME
of both pCRC and mCRC express chemokines that can
actively attract NK cells.

Next, the stability of the NK cell phenotype on co-cul-
ture with pCRC and mCRC samples was assessed. Expres-
sion levels of different activating and inhibitory receptors
known to affect NK cell activity were measured on NK
cells at baseline and after 5days of co-culture with either
pCRC or mCRC, or without either as control. Baseline
expression levels were consistent with an activated profile
as previously described,” with particularly high expres-
sion of the activating receptors NKG2D, DNAM-1, NKp44
and NKp46, and low expression of the inhibitory receptor
KIR2D (figure 2B,C, online supplemental tables S2 and
S3). Of note, the analysis of the corresponding ligands
revealed their expression on both pCRC-derived and
mCRC-derived tumor cells (online supplemental figure
S5), indicating that these could potentially initiate acti-
vation of NK cells. Interestingly, the NK cell phenotype
remained mostly unaffected after 5 days of co-culture with
either pCRC or mCRC samples, in the absence or pres-
ence of R848, suggesting that pCRC or mCRC samples
did not negatively affect the cytolytic potential of NK cells
(figure 2B,C). Differences were observed for NKG2C and
CD25, which was probably due to cytokine withdrawal as
this effect was also observed in the medium only condi-
tion (without tumor added) (figure 2B,C). In addition,
no significant direct effect of R848 was observed on NK
cells after 5days of co-culture, except for a small decrease
in NKp30 expression (online supplemental figure S6A).
We also determined expression levels of TLRs by whole
transcriptome RNA sequencing and observed no expres-
sion of TLR7 and very low levels of TLR8 in the allogeneic
NK cells (online supplemental figure S6B), supporting
our finding that R848 did not directly impact the NK cells.

Finally, the cytolytic capacity of NK cells was assessed in
a b-day assay by co-culturing NK cells with pCRC or mCRC
samples in the presence or absence of R848 (figure 2D).
While after 1day no significant decrease in absolute
numbers of EpCAM'CD45 7AAD™ tumor cells was found,
at day b, a significant reduction of the numbers of tumor
cells was observed in both pCRC and mCRC samples
proving that NK cells were able to efficiently control
tumor growth. No added benefit from the addition of
R848 was observed in this respect. More refined kinetic
analysis of tumor growth control in pCRC-SCS cultures
(with variable tumor HLA class-I expression levels,
online supplemental figure S7A) revealed a loss of abso-
lute numbers of live tumor cells (defined as EpCAM G-
D45 7AAD") in all conditions from day 1 to day 2 and a
steady subsequent increase over time up to day 7, which
was only marginally controlled by R848, but profoundly
inhibited in the presence of NK cells (online supple-
mental figure S7B). To assess the possible contribution
to the observed tumor growth control of CD8" cytotoxic
T cells, all cultures were also conducted in the pres-
ence of HLA-ABC-blocking antibodies. No differences
were found in any of the conditions (online supple-
mental figure S7B), suggesting that CD8" T cells did not
contribute to tumor lysis.

Toffoli EC, et al. J Immunother Cancer 2023;11:¢007554. doi:10.1136/jitc-2023-007554


https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554
https://dx.doi.org/10.1136/jitc-2023-007554

A pCRC mCRC
50 50
5 40 . 5 40 -
B 30 — T 30 i
o ) pam—
-.g 20 / ,§ 20
= -— =
10 10
T g T
o A @
> D
& &
B pCRC

KIR2D

% of CD56+ cells

% of CD56+ cells

o & &R
4}\0 e,\,eﬁ_&
‘\'b

& <
C MCRC \kem

100

KIR2D

80

% of CD56+ cells

% of CD56+ cells

a
8
3
S

Absolute numbers

<& &

Ke Q-"# ué
A &n i

&

A A

Figure 2 NK cell phenotype on 5-day co-culture with pCRC-SCS or mCRC-SCS in the presence and absence of R848.

(A) Specific migration of NK cells towards supernatant of the conditions T and T+R848 at day 2 (pCRC: n=5; 2 NK donors,
mCRC: n=3; 2 NK donors). Spontaneous migration averaged 22.7% (SEM=0.92) of total NK cells which was subtracted from
the specific migration. (B,C) Receptor expression (in percentage) at day 5 of NK cells in co-culture with (B) pPCRC-SCS (n=5;

3 NK donors) or (C) mCRC-SCS (n=6; 3 NK donors). As a control, medium only was taken along. NK cell:SCS ratio of 1:1

(D) Absolute number of Epcam*CD45™ tumor cells of pPCRC-SCS (n=7; 2 NK donors) and mCRC-SCS (n=4; 2 NK donors) + NK
cells + R848 for 1 and 5days at an NK cell:SCS ratio of 1:1. The data are presented as mean+SEM. Significance is presented
as p<0.05*%, <0.01**, 0.001***, 0.0001****. P values were determined by two-tailed paired t-test analysis (A) one-way ANOVA
with Tukey multiple comparison analysis, Friedman test with Dunn’s multiple comparison analysis (B,C) or two-way ANOVA with
Tukey multiple comparisons analysis (D). ANOVA, analysis of variance; CRC, colorectal cancer; EpCAM: epithelial cell adhesion
molecule, mCRC, metastatic CRC, NK, natural killer; pCRC, primary CRC; SCS, single-cell suspensions; T, tumor.

NK cell-induced DC conversion of MoMC in pCRC and mCRC the presence and absence of R848, on the myeloid
cultures compartment. pCRC-SCS and mCRC-SCS were co-cul-

We next explored the effect of NK cells, both in tured with NK cells and/or R848 (figure 3; online
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Figure 3 NK cells induce CD14 downregulation on pCRC and mCRC myeloid cells and, when combined with R848,
maturation of CD14"*® pCRC myeloid cells after a 5day co-culture with pPCRC-SCS or mCRC-SCS. (A) Changes in the
percentages of CD14™ CD149™ CD14™9 and (B) in the expression level (in mean fluorescence intensity (MFI)) of CD80, CD83
and CD86 on CD14"9 cells. pCRC: n=9; 3 NK donors, mCRC: n=6; 3 NK donors. (C) Absolute numbers of myeloid cells
(defined as CD45"HLA-DR™CD11c™). NK cell:SCS ratio: 1:1 (A, B, C). The data are presented as mean+SEM. Significance

is presented as p<0.05*%, <0.01**, 0.001***, 0.0001****. P values are determined by one-way analysis of variance with Tukey
multiple comparison analysis or Friedman test with Dunn’s multiple comparison analysis (nCRC: MFI of CD80, CD83 and CD86)
(A, B). CRC, colorectal cancer; mCRC, metastatic CRC; NK, natural killer; pCRC, primary CRC; SCS, single-cell suspensions; T,

tumor.

supplemental tables S4 and S5). In both pCRC and
mCRC, the presence of NK cells induced CD14 down-
regulation on MoMC leading to a shift towards a
CD14"® phenotype. Interestingly, this shift was more
pronounced in pCRC where higher rates of CD14"®
MoMC were reached whereas in mCRC the conver-
sion was incomplete leading to increased levels of
CD14%™ MoMC (figure 3A). In pCRC, the addition
of R848 further reinforced the NK cell effect and
induced a more complete shift towards a DC-like
state, supported by simultaneous upregulation of
CD80, CD86 and CD83 on CD14"¢ MoMC consis-
tent with a mature ¢cDC phenotype (figure 3B). Of
note, R848 was selected for combination therapy with
the NK cells after a preliminary analysis conducted
on cultures from five pCRC samples, evaluating
the effect of combining NK cells with either R848,
poly I:C (TLR3-ligand) or stimulator of interferon
genes (STING) ligands (cyclic-di-AMP and rr-cyclic-
di-AMP). These analyses showed R848 to be superior
in supporting the stimulatory effect of the allogeneic
NK cells on both monocyte-to-DC conversion and

CD80 and CD83 upregulation on CD14"® MoMC
(online supplemental figure S8). The presence of
R848 in mCRC did not enhance the NK cell mediated
CD14 downregulation. Moreover, no upregulation of
co-stimulatory maturation markers on CD14"® MoDC
was observed. Effects on the expression of T-cell
immunoglobulin mucin 3 (Tim3), Programmed Cell
Death Ligand 1 (PD-L1), and human blood dendritic
cell antigen 3 (BDCA3)/CD141 on MoMC were also
assessed and can be found in online supplemental
tables S4 and S5. Finally, as NK cells were reported
to selectively lyse immature DC,** we assessed if these
changes in subset distribution were accompanied by
a decrease in the absolute number of CD45 HLA-
DRMCDI11c" cells. No significant reductions in the
absolute number of myeloid cells were found in
either pCRC- or mCRC-SCS, in the presence of both
NK cells and R848 (figure 3C). Rather, a trend of
increased CD45"HLA-DR™MCD11c" cell numbers was
observed in the pCRC samples, suggestive of their
increased survival during culture.
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Figure 4 The effect of NK cells, alone or in combination with R848, on pCRC myeloid cells is not due to their ability to control
tumor growth. The graphs show changes (A) in the percentages of CD14", CD14%™ CD14™9 and (B) in the expression of CD8O0,
CD83 and CD86 on CD14™9 cells after 5days of culture. The myeloid cells were defined as CD45*HLA-DR"CD11c". n=3; 2 NK
donors. NK cell:SCS ratio 1:1. The data are presented as mean+SEM. Significance is presented as p<0.05*, <0.01 **, 0.001***,
0.0001***, P values are determined by two-way analysis of variance with Tukey multiple comparison analysis. NK, natural killer;
pCRC, primary colorectal cancer, SCS, single-cell suspensions; T, tumor.

NK cell-induced DC conversion among CRC-derived MoMC is
not due to tumor cell deletion

As we demonstrated that NK cells simultaneously induced
DC conversion and tumor lysis in CRC cultures, the ques-
tion arose whether this effect of NK cells on the MoMC
compartment could be wholly attributed to the decrease
in tumor load and the associated immune suppression in
the cultures. After 5 days, when tumor cells were depleted
from pCRG-SCS (by positive CD45" cell selection), NK
cells still induced downregulation of CD14 on MoMC,
suggesting that the observed DC-like differentiation
was truly due to NK-MoDC crosstalk and not affected
by mere elimination of immune suppressive tumor cells
(figure 4A). Unmodulated tumor-depleted cultures did
show a relative shift from a CD14™ to a CD14%™ state
(online supplemental figure S9), confirming that the
CDh14" macrophage-like state was tumor-induced. Inter-
estingly, while the combination of NK cells and R848
did increase the percentage of CD14"® MoMC, no
differences were found in the presence of only R848
compared with the depleted tumor control (figure 4A).
This indicates that, whereas in the presence of tumor
cells, R848 substantially contributes to the conversion to
a CD1c¢'CD14"® DC-like state, in the absence of tumor
cells, this process is less dependent on the presence of
R848 and dictated solely by NK/DC crosstalk. The expres-
sion of the DC maturation and co-stimulatory molecules
CD80, CD83, and CD86 on CD14"*® MoMC was also
analyzed (figure 4B); maturation induction required the
combination of both NK cells and R848, irrespective of
the presence of tumor cells.

Higher level T-cell activation and a reduction in aTreg rates in
both pCRC and mCRC induced by NK cells in combination with
R848

As NK-DC crosstalk has been described to induce cyto-
toxic T-cell activation,“ we also tested this in our model

(figure 5; online supplemental tables S4 and S5). In
PCRC, the addition of NK cells induced higher levels
of CD25 expression on both CD8" T cells and Th cells
whereas in mCRC this was only observed in the presence
of both NK cells and R848 (figure bA,B). Moreover, in
pCRC, higher rates of CD8'CD69" cells were found in
the presence of both NK cells and R848. These results
show that NK cells can induce T-cell activation in pCRC
which is further enhanced by the addition of R848. In
contrast, in mCRGC, significant effects were only observed
when NK cells were combined with R848. Interestingly,
in pCRC, the combination of NK cells and R848 induced
an increase in Tim3"CD8" T cells while no effects on the
expression of other immune checkpoint receptors were
observed (online supplemental figure S10; online supple-
mental tables S4 and S5). In addition, in mCRC but not
in pCRC NK cells induced CTLA-4 downregulation on Th
cells (online supplemental figure S10).

In the presence of NK cells, we observed a decrease in
the percentage of aTregsin both pCRCand mCRCsamples
as well as a decrease in absolute numbers of aTregs in
PCRC, whereas in mCRC cultures, the absolute number
of aTregs was significantly reduced only in the presence
of both NK cells and R848 (figure 5C,D). No changes
in absolute numbers of CD8" T cells and Th cells were
observed leading to a significant increase in the CD8/
aTreg ratio in both pCRC and mCRC-SCS, when NK cells
and R848 were combined, consistent with a more T-cell
inflamed TME (figure 5E). We assessed if NK cells were
able to directly lyse aTregs in the pCRC cultures (defined
as FoxP3'CD45RA™CD25"8"), as previously reported.”
To this end, we performed a 24hours cytotoxicity assay
by co-culturing aTreg enriched pCRC samples (mean %
aTreg=12.44+4.83) with NK cells (online supplemental
figure S11A). As no significant decrease in the absolute
number of live aTregs was observed, we concluded that
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Figure 5 NK cells in combination with R848 induce CD8" Tcell and T helper activation and decrease activated Treg (aTreg)
rates. (A) Percentages of CD69* and CD25* CD8" T cells. (B) Percentage of CD25" CD4" T helper cells. (C) Percentage of aTreg
in CD4" T cells. (D) Absolute number of CD8" T cells, CD4* T helper or aTreg. (E) CD8/aTreg ratio calculated based on the
absolute number of CD8" T cells and aTreg. pCRC: n=9; 3 NK donors (A-C) and pCRC: n=4; 2 NK donors (D, E) mCRC: n=7; 3
NK donors (A-C) and mCRC: n=6, 3 NK donors (D, E). NK cell:single-cell suspensions ratio 1:1 (A-E). Readouts performed after
5days of culture. The data are presented as mean+SEM. Significance is presented as p<0.05*, <0.01**, 0.001***, 0.0001****. P
values are determined by one-way analysis of variance with Tukey multiple comparison analysis or Friedman test with Dunn’s
multiple comparison analysis ((B) mCRC (D) mCRC T helper). CRC, colorectal cancer; mCRC, metastatic CRC; NK, natural killer;

pCRC, primary CRC; T, tumor; Treg, regulatory T cells.

NK cells did not directly induce aTreg death (online
supplemental figure S11B). Finally, considering the key
role of transforming growth factor (TGF) in aTreg
development and functionality,”* we assessed whether the
observed aTreg reduction was related to decreased levels
of this cytokine. No differences in the levels of TGF-3
were found, suggesting that other factors were involved
in the observed reduction in aTreg rates (online supple-
mental figure S11C).

NK cell-induced changes in the pCRC and mCRGC cytokine and
chemokine release profiles

To better understand the effect of NK cells alone or in
combination with R848 on the inflammatory state of the
TME, cytokine and chemokine profiling was performed
using supernatants of the 5-day pCRC or mCRC cultures
(figure 6). Of note, similar cytokine and chemokine
profiles were found in day 2 supernatants (online
supplemental figure S12). The combination of NK cells
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Figure 6 Changes in the cytokine and chemokine profile on co-culture of pPCRC-SCS or mCRC-SCS with or without NK cells
and/or R848. Cytometry bead array performed on the supernatant of pCRC-SCS or mCRC-SCS cultured for 5days in the
presence and absence of NK cells and/or R848. NK cell:SCS ratio 1:1. Cytokine levels: (A) pPCRC-SCS and (B) mCRC-SCS.
Chemokine levels: (C) pCRC-SCS and (D) mCRC-SCS. pCRC: n=9; 3 NK donors (IL-6 n=5), mCRC: n=6: 3 NK donors. The data
are presented as mean+SEM. Significance is presented as p<0.05*, <0.01**, 0.001***, 0.0001****. P values are determined by
Friedman ANOVA with Dunn’s multiple comparison analysis or one-way ANOVA with Tukey multiple comparison analysis (pPCRC
and mCRC: IL-2, CCL4). ANOVA, analysis of variance; CCL, C-C Motif Chemokine Ligand; CRC, colorectal cancer; CXCL, X-C
Motif Chemokine Ligand; IFN, interferon; IL, interleukin; mCRC, metastatic CRC, NK, natural killer; pCRC, primary CRC; SCS,

single-cell suspensions; T, tumor.

and R848 resulted in a decrease of the pro-tumorigenic
cytokine I1-6% and an increase of IFN-=y, TNF, and IL-2
levels in pCRC samples. Independently of the presence
of NK cells, R848 induced higher release of IL-12p70,
IFN-o, and IL-10, most likely due to the stimulation of
myeloid cells (figure 6A).”° The analysis of the superna-
tants of mCRC-SCS showed a similar trend for IL-6, IFN-y,
and IL-2 (figure 6B). However, R848 induced a dramatic
increase in IL-10 and TNF specifically in mCRC. More-
over, while R848 still induced increases in IL-12p70 and

IFN-a, the levels of these cytokines were lower compared
with the pCRC samples, which may be related to the
differences in myeloid composition between pCRC and
mCRC samples. Finally, in mCRC samples, higher levels
of IL-15 were observed in the presence of NK cells
(figure 6B). CCL4 and CCL5, both able to attract DCs
to the TME,"? *” were secreted by the pCRC samples,
and concentrations were increased on NK cell addition
(figure 6C). In mCRC samples, the increase of CCL4 and
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Figure 7 Correlation analysis reveals a dichotomy between pro-inflammatory and immune suppressive factors related to
monocytic dendritic cell activation in both pCRC and mCRC models. Correlation plot based on (A) pCRC-SCS and (B) mCRC-

SCS. The analysis has been performed including data from all the

analyzed conditions (eg, tumor only, tumor with R848 and/

or NK cells). pCRC: n=9; 3 NK donors, mCRC: n=7; 3 NK donors. Correlation coefficient and p values are determined by
Spearman correlation analysis. Significance is presented as p<0.05*, <0.01**, 0.001***, 0.0001****. Abs, T day 5, absolute
number of tumor cells at day 5; CRC, colorectal cancer; IFN, interferon; IL, interleukin; mCRC, metastatic CRC; MFI, mean
fluorescence intensity; NK, natural killer; pCRC, primary CRC; SCS, single-cell suspensions; TNF, tumor necrosis factor.
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improved survival in CRC)* in the tumor-only condition,
which were increased by NK cells, R848, or the combi-
nation of both, with more pronounced differences in
the mCRC samples, probably as a result of the increased
TNF and IFN-y concentrations (figure 6C,D).* Finally,
levels of the chemokine CCL20, known to contribute to
tumor progression by attracting Tregs to the TME," were
much higher in the mCRC samples (figure 6C,D). When
NK cells were added, the concentration was decreased,
suggesting a shift towards a less immune suppressive TME
(figure 6D).

Correlation analysis revealed a dichotomy between pro-
inflammatory and immune suppressive factors in both pCRC
and mCRC models

A correlation matrix analysis was performed separately on
the data collected from the pCRC (figure 7A) and mCRC
(figure 7B) cultures, comprising all tested conditions (ie,
medium control, NK cells, R848, NK cells+R848). In both
pCRC and mCRC single-cell cultures, two main groups
of correlating parameters were found, based on the hier-
archical clustering order, revealing concerted regulation
of pro-inflammatory versus immune suppressive path-
ways. One group comprised the percentage of CD14"
macrophage-like MoMC, the percentage of aTregs, the
absolute number of tumor cells and the levels of IL-6
(ie, concerted immune suppression). The other group
comprised markers of T-cell activation, Thl cytokines
(IFN-y, IL-2, TNF), the percentage of CD14"*® DC-ike
MoMC and, in pCRC samples, the expression of DC matu-
ration markers (CD80, CD83, CD86) on CD14"°® DC-like
MoMC (ie, concerted immune activation) (figure 7B).

DISCUSSION

Interest in off-the-shelf allogeneic NK cell therapies is
increasing now that allogeneic NK cells have proven to be
safe and show efficacy in hematological malignancies and,
to a lesser extent, in solid tumors.”! As NK cells can also
influence the activity of other immune cells, exploring
the potential effects of allogeneic NK cell products on the
TME is important to better understand their full mode of
action. Here, we report that the allogeneic UCB CD34"
stem cell-derived NK cell therapy induced changes in the
TME as modeled in short-term co-cultures of NK cells and
PCRC-SCS or mCRC-SCS, either alone or in combination
with R848, a TLR7/8 ligand. We observed that NK cells,
especially when combined with R848, induced downregu-
lation of CD14 on MoMC and simultaneous upregulation
of DCrelated maturation/co-stimulatory markers, deple-
tion of aTregs, activation of CD8" and Th cells, and the
production of various pro-inflammatory cytokines and
chemokines. NK cell products may thus present a prom-
ising new immunotherapy for solid tumors like CRC.
In particular, in peritoneal CRC metastases which were
shown to be predominantly CMS4 CRC tumors, char-
acterized by high Treg and TGF-§ levels and related to
poor prognosis and response to systemic therapies,* **

we observed that NK cells still provided potent growth
control of tumor cells and that the combination of NK
cells and R848 was able to induce a pro-inflammatory
shift in the TME, despite its more immunosuppressive
status than that of pCRC. In addition, as NK-DC crosstalk
was shown to be involved in anti-programmed cell death
protein 1 (PD-1) mAb induced antitumor responses,'
combined NK cell/R848 therapy may facilitate successful
immune checkpoint blockade in relatively resistant
tumors like MSS-CRC.”

In the pCRC-SCS and mCRC-SCS used in this study,
we found three main subsets of CD88/CD89* MOMC,18 24
based on different CD1c and CD14 expression. Based on
our previous work,* * the expression of CD14 on MoMC
defines different functional states with CD14"® MoMC
representing a more DC-ike and CD14" MoMC a more
suppressive/M2-macrophage-like subset.** ** In line with
this, in both pCRC and mCRC single-cell cultures, we
observed that the percentage of CD14" MoMC inversely
correlated with the concentration of the Thl cytokines
IFN-y, TNF, and IL—2,29 % whereas it was positively associ-
ated with various suppressive factors (ie, the percentage
of aTreg, the concentration of IL-6 and the absolute
number of tumor cells). In contrast, the percentage of
CD14"® DC-like MoMC positively correlated with the acti-
vation status of T cells and the release of Thl cytokines.
These differential associations are thus consistent with
the proposed functional states of these CD14" subsets.

Differential immune modulatory effects of NK cells
with or without R848 were observed between pCRC-SCS
and mCRGC-SCS cultures. Whereas maturation of CD14"®
MoMC and T-cell activation was observed on NK cell addi-
tion in pCRC samples, DC-maturation was not observed
in mCRC samples and T-cell activation was limited. Strik-
ingly, the levels of CD14"*® MoMC activation in mCRC were
already high in the tumor only culture, which might have
been related to high levels of IL-6 and/or CRC-associated
prostaglandins, which we previously showed to contribute
to MoDC activation.* In addition, higher levels of the anti-
inflammatory IL-10, lower levels of the pro-inflammatory
IL-2 and IFN-y, and higher levels of CD14" MoMC were
detected in mCRC samples, suggesting a more immune
suppressive TME. Higher levels of IL-18 release were also
found in mCRC. IL-18 is a pleiotropic cytokine involved
in the activation and differentiation of various lympho-
cytes™ IL-18 was shown to have pro-metastatic potential
in mice'” and, similarly to IL-10, its expression levels in
patients with CRC correlated with advanced tumor stages,
larger tumor size, poor tumor cell differentiation, and
the presence of distant metastases.*’

The observed differences in the TME of pCRC versus
mCRC also became apparent in a differential response
to R848. In mCRC, R848 mediated a strong increase
in the levels of IL-10, IL-18, and TNF accompanied by
a small increase in IL-12p70 and IFN-o. In contrast, in
PCRC, R848 stimulation induced higher levels of IFN-o
and IL-12p70 whereas just a small increase in IL-10 was
observed with no changes in IL-18 release. As all these
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cytokines can be produced by activated macrophages and
by DC,* ¥ these observed differences might be due to
the divergent composition of the myeloid compartment.
Based on these findings, it is likely that the administration
of NK cells and R848 to patients with more advanced CRC,
might benefit from the combination with, for example, an
STAT3 inhibitor that was previously shown to counteract
the detrimental effect of IL-10 on MoDC differentiation.**
Itis noteworthy that despite the more suppressive TME of
mCRC samples, the cytotoxic capacity of the NK cells was
not affected in mCRC-SCS and no significant differences
were found in the expression of key functional NK cell
receptors such as NKG2D and DNAM-1, suggesting that,
while a more suppressive environment can limit the pro-
inflammatory effect of NK cells on the TME, it does not
hamper its cytotoxic capacity.

We observed that the NK cells induced T-cell activa-
tion, and to a larger extent when combined with R848,
as shown by the higher levels of CD25 and CD69 as well
as by the increased concentration of IFN-y, TNF, and IL-2
in co-cultures of NK cells and CRC-SCS. Still, CD8" T cells
did not seem to contribute to the tumor growth control
observed in the presence of NK cells. However, the high
NK cell-to-tumor ratio in our cultures might have limited
any CD8" T cell effect and under different circumstances
(eg, in vivo) this activation might translate into a more
synergistic or additive antitumor effect. Besides CD8"
T-cell activation, NK cells, alone or in combination with
R848, induced a profound reduction in the percentage of
aTregs. Although it has been reported that NK cells from
peripheral blood can directly lyse aTregs,” no direct cyto-
toxicity was found after a 24hours co-culture with aTreg
enriched pCRC samples and stem cell-derived NK cells.
It has also been described that NK cells can prevent the
CD28-mediated FoxP3 expression on naive CD4'CD25"
T cells via the release of IFN-1.”’ In both pCRC-SCS and
mCRC-SCS cultures, the percentage of alregs inversely
correlated with IFN-y, while it correlated with the absolute
number of tumor cells and the levels of 1L-6.*° Thus, the
reduction in the percentage of aTregs might indeed be
related to the IFN-y-release and the pro-inflammatory shift
in the TME caused by NK cells alone and, even more so,
in combination with R848. In addition, a significant posi-
tive correlation between aTreg and CD14" MoMC rates
and a significant negative correlation between aTregs and
CD14"® DClike MoMC, underlines the importance of
NK/myeloid crosstalk in the TME in tipping the balance
in favor of a pro-inflammatory CD8 T cell/aTreg ratio. As
IFN-y is known to be involved in the NK-DC crosstalk'!
and able to assist DC-mediated Th1 responses,”" it is likely
that its production by NK cells is one of the mechanisms
involved in NK cell-mediated inflammatory shift in the
TME. In the current study we did not further delineate
the mechanisms that directly drove the NK-myeloid cross-
talk because of limited numbers of myeloid cells present
in the samples. We did try to dissect these mechanisms
in MoDC cultures. While CD154 and NKp30 were previ-
ously described to mediate the NK-MoDC crosstalk," '*

we could not establish a role for these receptors in our
NK-MoDC crosstalk model (manuscript in preparation).

Although promising clinical outcomes have been
achieved using adoptive NK cell therapy for the treatment
of hematological malignancies, one of the challenges
in a solid tumor setting is migration to the tumor site.
Although we showed modest NK cell migration towards
the supernatants of pCRC-SCS and mCRC-SCS cultures,
previous studies demonstrated antitumor efficacy of the
allogeneic NK cells against human solid tumors in an
immunodeficient mouse model, clearly indicating the
migration capabilities of NK cells.® Intraperitoneal infu-
sion of NK cells in combination with R848 in patients with
peritoneal metastases might circumvent this hurdle alto-
gether. As patients with intraperitoneal carcinomatosis
still represent a therapeutic challenge® intraperitoneal
administration of NK cells, based on our findings, might
present a highly needed novel treatment option.

Finally, this study assessed the impact of allogeneic
NK cells on SCS, a two-dimensional model. However, to
comprehensively elucidate these effects, follow-up investi-
gations with a three-dimensional model are needed. One
attractive option involves the usage of tissue slice cultures,
which allow the preservation of the TME, including its
immune components, for at least 5 days.”

In conclusion, our allogeneic off-the-shelf NK cells
showed clear antitumor activity in both pCRC and mCRC
cultures and induced a shift to a more pro-inflammatory
state. This effect was enhanced by combining NK cells
with the TLR7/8 ligand R848. Therefore, it would be of
interest to study the combination of NK cells and R848 as
a possible therapy for patients with (MSS-) CRC, aiming to
achieve an improved and more effective T-cell response in
the associated immunosuppressive TME, possibly leading
to a systemic T-cell response and further supporting
immune checkpoint blockade.
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