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ABSTRACT

Neutrophils are known to possess both pro- and anti-tumor properties, a feature
that could be related to the diversity and plasticity of these cells. Here we explored
the hypothesis that under an appropriate environment and stimuli, neutrophils could
induce an effective response against tumor cells. In a rat and mouse models, we show
that a substantial amount of colon tumor associated-neutrophils (TAN) expressed
the cytolytic enzyme granzyme B, which is absent in spleen or blood circulating
neutrophils. This TAN population was also found into tumors of patients with colon
cancer. Tumor neutrophil infiltration was correlated with an increase of chemokines
known to attract neutrophils in both rat models and patients. These cells were involved
in a Lipid A analog-mediated colon tumor regression. Mechanistically, treating the rats
with the Lipid A analog triggered granzyme B release from neutrophils in tumor cell
vicinity, which was correlated to tumor regression. Alteration of granzyme B function
in tumor cells decreased the cytotoxic effect of Lipid A in rat and mouse models.
Granzyme B expression in neutrophils could be induced by the lipid A analog but also
by some of the cytokines that were detected in the tumor microenvironment. These
results identify a subpopulation of neutrophils expressing granzyme B that can act
as a key player of lipid A-mediated colon cancer regression in rat and mouse models
and the molecular mechanisms involved may provide novel approaches for human
therapeutic intervention.

INTRODUCTION

A well-known example of cancer immunotherapy in
use for more than 30 years is the Bacillus Calmette-Guérin
(BCG) therapy of non-invasive bladder carcinomas.
This is the first most effective immunotherapy for solid
tumors [1]. The molecular mechanisms involved are
likely dependent on the binding of BCG, an avirulent
strain of Mycobacterium bovis, to the Toll-like receptors
(TLR) 4 [2]. This TLR plays a critical role in the
activation of the immune system by stimulating antigen

uptake and presentation, maturation of dendritic cells
(DC), differentiation of helper T cells, and inhibition of
regulatory T cells [3].

TLR4 is the classic receptor of lipopolysaccharides
(LPS) and lipid (A) [4], the lipid part of LPS to which the
anti-tumor activity of LPS was attributed [5]. However,
LPS and natural forms of lipid A are too toxic to be used in
clinic. Lipid A analogs have been developed and some of
them, like OM-174 (LipA), are well tolerated by patients
[6] and effective against tumors in animal models. LipA
is a triacyl diglucosamine diphosphate acting through
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TLR4 to induce total regression or growth inhibition of
macroscopic tumors in rat and mouse models [7-11].

Immunotherapy results in tumor cell death.
Granzymes, known to induce apoptosis, are the main
mediators of cytotoxicity induced by cytotoxic T
lymphocytes and natural killer (NK) cells [12, 13]. Over
the last decade, there were some controversy about
granzymes A and B expression in other cell types like
neutrophils. Some reports show that granzymes are
constitutively expressed in human blood neutrophils
[14, 15] or transformed neutrophils in culture [16], while
others indicate that granzymes are not at all expressed in
neutrophils [17, 18]. The same controversy was extended to
granzyme expression in mouse neutrophils [19]. Granzyme
B (GZMB) expression in tumor neutrophils has not been
studied. Even though neutrophils are known to support
tumor growth by producing angiogenic factors like matrix
metalloproteinase 9 and vascular endothelial growth factor
[20], recent data demonstrate that the microenvironment
can alter neutrophil activity. For example, blocking
transforming growth factor beta (TGF-B1) induced the
switch of neutrophils from a pro-tumorigenic (N2) to an
anti-tumorigenic (N1) state [21].

As neutrophils were implicated in the mechanism
of action of BCG immunotherapy [22-24], we sought
to elucidate their role in LipA immunotherapy in rat and
mouse models of colon cancer and we checked that human
neutrophil exhibited the same properties.

RESULTS

The antitumor effect of the LipA treatment is
correlated with the infiltration of tumors by
neutrophils

The LipA treatment induced the regression of
tumors and cured 95% of tumor-bearing rats (Figure 1A)
that died free of tumor nodules, as previously shown [8].
Typical structures of tumors after the second injection of
physiological solution (control) or LipA are shown after
hematoxylin-eosin Y (HE) staining (Figure 1B and 1C).
Both types of tumors consisted of core of tumor cells
surrounded by a distinct ring of non-tumor cells at the
edges of nodules. It should be noted that no other tumor
sites were observed (data not shown). However, in treated
tumors, this ring was thicker than in control tumors (Figure
1C) and the number of tumor cells decreased drastically
(Figure 1D). We analyzed the cytokine and chemokine
contents of tumors using antibody arrays (Figure 2A). LipA
treatment induced lot of modulations in cytokine levels.
Furthermore, chemokines belonging to CXCL family such
as CXCL1 (CINC-1) and CXCL2 (CINC-2a/B, CINC-
3) were significantly higher (approximately five-fold)
in treated rats at days 15 and 17 (Figure 2A and 2B). In
agreement, tumor cxc// and cxcl2 mRNA levels were
higher after the first injection of LipA compared to control

rats (Figure 2C). As a consequence, tumors isolated from
treated rats contained many more neutrophils than tumors
from control rats (Figure 2D and 2E). In agreement, specific
neutrophil mRNA transcripts (ncf1 and ncf2) were higher in
treated rats compared to control rats (Figure 2F). However,
neutrophils remained at the edges of tumor nodules in
control rats whereas they infiltrated the entire nodule
after LipA treatment (Figure 2D). Moreover the antitumor
effect of LipA in a mouse model of subcutaneous colon
cancer was partially decreased by inhibition of neutrophils
recruitment using a CXCR2 antagonist, SB225002
(Figure 2G, Supplementary Figure 1A).

Apoptotic tumor cells are in the vicinity of anti-
tumorigenic neutrophils in LipA treated rats

By TUNEL analysis, we found that apoptotic death
occurred in cells that were located in the core of treated
tumors (Figure 3A). We confirmed by immunostaining
that most apoptotic cells containing cleaved caspase 3 in
treated rats were tumor cells (Figure 3B), the percentage
of apoptotic tumor cells increasing during treatment
(Figure 3C). Moreover, double immunostaining of
neutrophils and M30 (a marker of apoptotic epithelial
cells) demonstrates that in treated tumors the death of
tumor cells occurred near neutrophils (Figure 3D). LipA-
induced apoptosis was also detected in the murine CT26
tumor cells co-cultured with tumor-associated neutrophils
(Figure 3E), while the LipA treatment in absence of
neutrophils did not trigger apoptosis (data not shown).
These data revealed the anti-tumor potential of these TANs
stimulated by LipA. On the contrary, apoptosis was not
detected in control tumors in which neutrophils were at the
edges of tumors, distant from tumor cells, and presented
a pro-tumorigenic phenotype (N2 state) (Figure 2D and
Figure 3F and 3G). However, LipA induced the acquisition
of an anti-tumorigenic phenotype by neutrophils (N1
state) with iNOS expression and low arginase-1 content
(Figure 3F and 3G).

The cytotoxic effect of the LipA treatment
correlates with the increase of granzyme B
(GZMB) into tumor cells

To further characterize the phenotype of tumor-
associated neutrophils, we assessed the expression
of GZMB, an arm used by NK and cytotoxic CDS8
T-lymphocytes cells to kill their targets. Unexpectedly,
GZMB was observed only at the edge of tumor sections
from control rats, but throughout the whole tumor sections
from treated rats (Figure 4A) while the presence of GZMB
was associated with a large proportion of neutrophils in
both treated and control tumors from rats (Figure 4A)
but also in tumor-associated neutrophils from mice
(Supplementary Figure 1B). Moreover, GZMB was also
found inside tumor cells from treated rats, but not from
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control rats (Figure 4B). Further, double immunostaining
of GZMB and M30, a hallmark of apoptosis, demonstrates
that apoptotic tumor cells in treated rats contained GZMB
(Figure 4C). The involvement of GZMB in the anti-tumor
effect of lipid A has been demonstrated by using cells
expressing the serpin B9 (P19-6 cells), a natural protein
inhibitor of GZMB (Figure 4D). In fact, the percentage
of tumor growth inhibition induced by LipA is 90% with
CT26WT cells but only 37% with CT26 cells expressing
serpin B9 (Figure 4E and 4F). Taken together, these data
suggest that GZMB from neutrophils contributed to tumor
cell apoptosis in LipA treated rats. Some other cells were
known to express GZMB like NK cells and T lymphocytes
(af and y3d). However, these cells were present only at
the edges of the tumors, none were detected in the core
of tumors from control or treated rats (Supplementary
Figure 2). As we showed that tumor cells were located
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(Figure 1C) and died (Figure 3A, 3B and 3D) in the core of
tumor nodules, we deduced that the latter cell types were
not involved in tumor cell death in LipA immunotherapy,
at least at the beginning of treatment.

We also showed that conditioned media of spleen
neutrophils from control tumor-bearing rats were not
cytotoxic (Figure 5A). However, conditioned media
from neutrophils treated with LipA in vivo and/or in vitro
induced cytotoxicity which was GZMB-dependent (Figure
5A). Furthermore, conditioned media from in vitro and/or
in vivo LipA-treated neutrophils contained higher levels
of GZMB compared to untreated neutrophils (Figure 5B).
Altogether, these results indicated that not only the lipid
A induces the release of GZMB of neutrophils but also
increases the expression of this enzyme in these cells.

The involvement of GZMB produced by neutrophils
in the anti-tumor effect of lipid A has also been

B

control

Figure 1: LipA cured tumor-bearing rats. (A) The lifespan of tumor-bearing rats was improved by LipA treatment. Fourteen days
after i.p. injection of PROD cells, rats were treated i.v. with LipA (grey) or physiological solution (control, black) 3 times per week for
5 weeks. Results are representative of at least 3 independent experiments with 10 animals per group. (B) Hematoxylin-eosin staining of
tumors from LipA treated or control rats (scale bars = 200 pm). (C) Enlargement of regions outlined in figure B (scale bars = 50 pm).
The tumor core and surrounding ring of cells can be distinguished. (D) Tumor regression was analyzed by immunostaining of tumor cells
(anti-cytokeratin Ab, red), one day after the first (day 15) and the fourth injection (day 22) of LipA or physiological solution (scale bars =
50 um). Micrographs are representative of at least 3 independent experiments, 4 animals per group.
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demonstrated in a mouse model of colon cancer. Indeed,
coculture of TAN induces apoptosis of CT26 tumor cells
in response to treatment with LipA, as attested by the
increase of Annexin V positive cells (Figure 5C). This
cytotoxicity is correlated with the increase of the level of
GZMB in co-culture supernatants (Figure 5SD). In order to
decipher how GZMB was induced in neutrophils treated
by LipA, we first tested the effect of some MAPKinases
known to modulate GZMB expression. We showed that
the p38 MAPKinase inhibitor (SB203580) significantly
affected LipA-mediated GZMB increase and cell death
(Figure 5C and 5D).

Tumor microenvironment induces GZMB
expression in neutrophils

Tumor-associated neutrophils from rats or mice
could expressed GZMB, independently of LipA treatment
(Figure 4A and Supplementary Figure 1B). However,
spleen neutrophils from rats or mice only express GZMB
after LipA treatment (Figure 6A and 6B). The tumor
microenvironment could therefore stimulate the production
of GZMB by TAN. Cytokines like IL-2, IL-12, IL-21 and
IFN-y were known to play a key role in GZMB production
in lymphocytes or NK cells [25-27]. Different expression
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Figure 2: Anti-tumor effect of LipA was correlated with neutrophil infiltration. (A) The modulation of cytokine and
chemokine contents of tumors one day after the first, second and fourth injections (respectively d15, d17 and d22) of LipA or physiological
solution was analyzed using antibody arrays and Image J software. (B) The relative abundance of CXCL1 and CXCL2 proteins twenty-
four hours after the second injection of LipA, (d17) was expressed as a percentage compared to an internal control (100%). (C) Six hours
after the first injection (d15) of LipA or physiological solution (control), expression levels of cxcll and cxcl2 mRNA in tumors were
evaluated relative to housekeeping gene gapdh by RT-PCR. (D) Tumors were collected at day 17 from LipA treated or control rats. After
fixation, 5-pm sections were cut and stained for tumor cells (anti-cytokeratin Ab, red) and neutrophils (anti-HIS48 Ab, green) (scale
bars = 50 pm). The yellow staining in the merge panels represents tumor cells very close to neutrophils. Micrographs are representative
of at least 3 independent experiments, 4 animals per group. (E) The levels of neutrophils present in tumors were determined by counting
of these cells in 3 independent slides per animals, 4 animals per group. Shown are the mean % of neutrophils = SEM. (F) At day 17,
expression levels of ncfl and ncf2 mRNA were evaluated relative to housekeeping gene gapdh by RT-PCR. (G) CT26-bearing mice were
treated with physiological solution (control) or LipA with or without the GZMB inhibitor SB225002. Three days after cell injection,
LipA was administrated i.v. every 5 days for 5 times. SB225002 was injected i.p. 24 h before and at the same time than LipA. Results are
representative of at least 2 independent experiments with 10 animals per group. (B, C, E-G) Significant difference in Mann—Whitney U
test, 'p < 0.05, "p < 0.01, ™"p < 0.005.

www.oncotarget.com 28367 Oncotarget



patterns of these cytokines were observed in vivo between
tumors and spleens in control rats (Figure 6C). IL-21 was
expressed at similar levels in tumors and spleens, 1L-12
mRNA levels were lower whereas IL-2 and IFN-y mRNA
levels were higher in tumors than in spleens (Figure 6C).
Treatment of spleen neutrophils from control rats with an
interleukin mix (ILs, IL-2 + IL-12 + IL-21), IFN-y or ILs
plus IFN-y induced the production of GZMB in these cells
(Figure 6D, white bars). This effect was enhanced by the
combination of LipA with ILs alone, ILs+IFN-y but not
IFN-y alone (Figure 6D, grey bars). These results indicate
that GZMB expression in neutrophils could be triggered
by different cytokines including IFN-y, IL-2, IL-12 and
IL-21 but also by LipA.

Colon tumor of patients contains granzyme
B-expressing neutrophils

Tumor-infiltrating neutrophils were evaluated in a
cohort of 35 patients with colon cancer (all patients for
which a tumor sample was available had given its written
consent). Using hematoxylin-eosin-saffron (HES) staining,
we showed that all tumors were infiltrated by neutrophils
at variable rates (Table 1). The low number of patients did
not allow us to see any significant correlation between the
rate of tumor-infiltrating neutrophils and patient’s survival.

We also determined cytokines and chemokines
levels in tumor and normal tissues from 25 patients. We
showed no significant differences in IL-2, IL-6, and I1-12b
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Figure 3: LipA treatment induced tumor cell death in the vicinity of infiltrated anti-tumorigenic neutrophils. Tumors
from LipA treated or control rats were removed at day 17 (A, B, D, F, G), fixed and cut into 5-um cryosections. (A) Apoptotic cells were
present in the core of tumors from LipA treated rats but not in tumors from control rats (TUNEL, red). (B) Immunostaining of tumor cells
(anti-cytokeratin Ab, red) and cleaved caspase 3 (anti-cleaved caspase 3 Ab, green). (C) The levels of tumor cells containing cleaved
caspase 3 were determined at days 15, 17 and 22 by counting of these cells in 3 independent slides per animals, 4 animals per group.
Shown are the mean % of double positive cells + SEM. (D) Immunostaining of apoptotic tumor cells (M30 Ab, red) and neutrophils
(anti-HIS48 antibody, green). (E) The levels of apoptotic tumors cells (AnnV+ cells) was determined using an Annexin V-7AAD staining,
after LipA treatment of co-culture of CT26 cells and tumor associated-neutrophils. (F, G) Staining for neutrophils (anti-HIS48 Ab, green)
and (F) iNOS (anti-iNOS Ab, red) or (E) arginase-1 (anti-arginase-1 Ab, red). Micrographs are representative of at least 3 independent

experiments, 4 animals per group (scale bars = 50 pm).
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mRNA levels between tumor and normal tissues (data not GZMB and cancer cell demise, probably at the origin

shown). However, the neutrophil CXC chemokine 1L-8 of in vivo tumor regression. The involvement of this

mRNA expression was significantly higher (» < 0.0001) neutrophil subpopulation in colon tumor outcome needs

in tumors as compared to normal tissues (Figure 7A). more investigation.

Furthermore, four other chemokines, CXCL1, 2, 3 and 5,

known to attract neutrophils, were strongly expressed in DISCUSSION

tumors by comparison to the normal tissues (Figure 7B).

We also showed that most of tumor-infiltrated neutrophils Here we have identified a subpopulation of colon

(CD66b+ cells) expressed GZMB (Figure 7C). tumor-infiltrating neutrophils, in rat and mouse models but
Taken together, these results indicate that animal also in human, which expressed GZMB. When stimulated

but also human colon tumors are infiltrate by neutrophils with a Lipid A analog, this cell type of neutrophils was

which are characterized by the expression of the GZMB. more recruited into tumors and participated in a GZMB-

Such infiltration is correlated with the expression of some dependent manner to the antitumor activity of LipA.

chemokines known to attract neutrophils. Stimulation of Neutrophils are more and more the subject of

these cells with a TLR4 agonist triggers the release of research on tumor development or tumor therapies. These
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Figure 4: Granzyme B was present in neutrophils and apoptotic tumor cells in LipA treated rats. Tumors from rats were
removed at day 17, fixed, cut into 5-pum cryosections and stained. (A) Tumor associated-neutrophils containing GZMB were double stained
(Neutrophils in red, GZMB in green). (B) The levels of neutrophils containing GZMB were determined at days 15, 17 and 22 by counting
of these cells in 3 independent slides per animals, 4 animals per group. Shown are the mean % of double positive cells £ SEM. (C, D)
Tumor sections were stained for tumor cells (red (C)), or apoptotic tumor cells (anti-M30 Ab, red (D)) and GZMB (anti-GZMB Ab, green
(C, D)). Enlargement of regions a and b in figure (D) Micrographs are representative of at least 3 independent experiments, 4 animals per
group (scale bars = 50 um). (E, F) Three days after s.c. injection of P19-6 cells (E, F) or CT26 wild type cells (WT, F), mice were treated
i.v. with LipA or physiological solution (control) every 5 days for 5 times. Results are representative of at least 2 independent experiments

with 10 animals per group. Significant difference in Mann—Whitney U test, ™"p < 0.005, n.s. not significant.
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cells express CXCR1 and CXCR?2 at their surface and are
recruited by their ligands including CXCL1 and CXCL2
[28] which can be produced by tumor, endothelial cells
or fibroblasts [29]. CXCL1 and CXCL2 contribute to
mobilizing neutrophils from bone marrow and sustain
neutrophil recruitment at sites of inflammation [30-32]. It
was conceivable that neutrophils can be attracted to tumors
if these later express these ligands. We have demonstrated
here that colon tumors from rats showed a rise of CXCL1,
CXCL2 after LipA treatment. We also showed that these
two chemokines but also CXCL3 and CXCLS5 were
more expressed in tumors of patients with colon cancer
as compared to healthy tissue [33, 34]. The expression
of CXCL1 and CXCL2 in human colon tumors has been
described [35, 36] and there is a report that CXCL1 is
highly expressed in poor invasive tumors [37]. However,
description of neutrophils in human colon cancer are
limited [38] without significant correlation with prognosis.
As far as we know there has been no correlation made
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between CXCL1, CXCL2 or neutrophils with the effects
of therapy on colon cancer in human. It has been shown
that CpG oligodeoxynucleotides and a vascular disrupting
agent induced the regression of colon tumors in mice, and
this correlates with an increase in CXCL1 and neutrophil
infiltration in tumors [39, 40]. Furthermore, colon tumor
bearing mice receiving cyclophosphamide plus IL-12 gene
therapy are more likely to reject tumors when infiltrated
by neutrophils [41]. A recent study showed that in early-
stage lung cancer, TAN were able to stimulate T-cell
response and tumor growth inhibition [42].

One of the most important aspects of this study
is that a large proportion of TAN expressed GZMB and
was localized into colon tumors from rats, mice and from
patients. Further, in lipid A-treated tumors, some neutrophils
moved to reside in the vicinity of apoptotic tumor cells.
Noteworthy, the apoptotic tumor cells, contiguous to
neutrophils, contain GZMB, suggesting that lipid A induces
neutrophil GZMB release that contributes to cancer cell
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Figure 5: LipA induced neutrophil-mediated cytotoxicity via granzyme B production. (A, B) Spleen neutrophils from LipA
treated or control rats were purified and treated in vitro with or without 10 pg/ml LipA for 24 h. (A) The toxic effect of conditioned media
on tumor target cells cultured in the presence or in the absence of GZMB inhibitor was evaluated using a methylene blue assay. The mean
numbers of adherent cells are shown as percentages of the untreated cells (100%). (B) The concentration of GZMB in conditioned media
was measured by ELISA. Shown are means + SEM. (C) Neutrophils were incubated or not with LipA (24 h) and stained for granzyme B
(green) or DAPI (blue). 3 independent experiments. (C, D) Tumor associated-neutrophils were purified from mice, co-cultures with CT26
cells during 24 h in presence or not of LipA and SB203580. (C) The level of apoptotic tumor cells was determined by Annexin V/7AAD
staining. (D) The level of GZMB secreted in co-culture of CT26 and TAN treated or not with LipA and SB203580 was determined using an
ELISA assay. The results are obtained from one mouse and are representative of those obtained with at least 6 animals. (A—C) Significant
difference in Mann—Whitney U test, ‘p < 0.05, “p < 0.01, n.s. not significant.
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demise. In our knowledge, this is the first time that we
describe a subpopulation of neutrophil expressing GZMB
with an anti-tumor ability. This is all the more important
as this type of cells is also present in patients with colon
cancer. It would be interesting to know if the prognosis and
disease outcome are different in patients in whom tumors
are rich or poor in neutrophil expressing GZMB. It has been
observed that colorectal cancer infiltration with CD16+
high myeloperoxidase positive myeloid cells correlates
with favorable outcome [43, 44]. In another study, tumor-
associated neutrophils stimulate T-cell proliferation and
interferon gamma releases [42]. Other contradictory results
showed that high tumor infiltration by CD66b+, a classical
neutrophil marker, cells was associated to severe prognosis

in patients with colorectal cancer [45, 46]. A recent study
comes to contradict the last ones previously quoted. Indeed,
Governa et al. reported that CD66b+ cell infiltration in
colorectal cancer is associated with increased survival [47].

Our data also showed that GZMB*-neutrophils have
anti-tumor activity when activated by a TLR4 agonist
unlike those devoid of GZMB, and their infiltration into
tumor probably contributed to the LipA-mediated tumor
cell death. Our conclusions are supported by results
showing that the inhibition of GZMB activity in tumor
cells affected the anti-tumor activity of LipA. We noted
that colon tumor cells expressing the physiologically
inhibitor of GZMB, the serpin B9, grew more slowly
in mice as compared to wild type cells (80% reduction
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Figure 6: Tumor cytokines and LipA together induced strong expression of granzyme B in spleen and tumor
neutrophils. (A) Spleen neutrophils from rats were purified and incubated or not with LipA (24 h) before staining for granzyme B.
The GZMB expression was determined by microscopy. (B) Spleen neutrophils from untreated or LipA-treated mice (24 h) were purified
before analysis of GZMB by flow cytometry analysis. (A, B) 3 independent experiments. (C, D) Spleens and tumors from control rats
were removed at day 17. (C) Expression levels of i/-2, il-12, il-2] and ifn-y mRNA were evaluated by RT-PCR and expressed as the mean
of percentage of change compared to the level of gapdh expression. (D) Neutrophils from spleen were purified as in (A) and incubated for
24 h in vitro without or with a cytokine mix (ILs, IL-2 + IL-12 + IL-21) alone, IFN-y alone or a combination of both (ILs + IFN-y), with
or without of 10 pg/ml LipA for 6 h. Concentration of granzyme B (GZMB) in conditioned media was measured by ELISA. Significant

difference in Mann—Whitney U test, p < 0.05, ""p < 0.01.
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Table 1: Estimation of neutrophil infiltration into colon tumors

Neutrophil score

Patient proportion (%)

0

1+
2+
3+

0 (0)
14 (40%)
10 (29%)
11 (31%)

Score of tumor infiltration in polymorphonuclear neutrophils (PMN) was determined as: 0; absence of PMN in tumor
zones outside ulceration zones, after careful analysis of the entire cut, 1+; presence of PMN isolated or in small clusters

of 2-3 elements in the tumor zones outside ulceration zones. These PMN are difficult to find after careful analysis of the
entire cut, 2+: presence of PMN isolated or in small clusters in the tumor zones outside ulceration zones. These neutrophils
are easy to find after careful analysis of the entire cut and are of interest to more than one area, 3+: Obvious presence of
PMN isolated or clustered in several tumor zones outside ulceration zones.

in tumor volume). This observation underlines the
importance of GZMB in the eradication of tumors, at
least in our model. The activation of TLR4 of immune
cells and their impact on cancer cell death has been well
documented. Apetoh et al, reported that activation of
TLR4 expressed on dendritic cells by the high mobility
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Figure 7: Colon tumor from patients contained neutrophil chemoattractants and granzyme B expressing neutrophils.
(A, B) Relative expression level of IL-8 cytokine (A) or CXCL-1, CXCL-2, CXCL-3 and CXCXL-5 mRNA neutrophil chemoattractant
(B) into tumor from 25 patients with colon cancer were evaluated by qRT-PCR. B-actin was used as the internal control. Significant

difference in Mann—Whitney U test, "p < 0.05, “p <0.01, *"p < 0.005,
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» <0.0005. (C) Human colon cancer samples were collected and

stained for neutrophils (anti-CD66b, green), GZMB (anti-GZMB Ab, red) and for nuclei (DAPI, blue). GZMB was present in neutrophils
(yellow signal shown by white arrows in merged panel). Micrographs are representative of at least 20 different samples (scale bar =50 pm).
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response [22]. A recent report showed that priming of
tumor induced macrophages with TLR4 agonist (LPS)
alone or in combination with IFN-y induced a strong anti-
tumor immune reaction [49].

In our effort to characterize the signaling pathways
involved in the expression of GZMB in neutrophils,
we also showed that GZMB was expressed in tumor-
infiltrating neutrophils but not in neutrophils from spleen.
This could be explaining by the cytokines profile in
tumor microenvironment which exhibited differences as
compared to spleen. Indeed, GZMB could be induced in
immune cells as NK when stimulated with IL-2 and IL-
12 in humans, plus IL-21 in mice [25-27]. We showed
that some of these cytokines triggered GZMB expression
in neutrophils, an effect that was enhanced by the
LipA analog. It is well-known that cytokines stimulate
host immune response against tumors [50]. The host-
derived cytokines exert double function; it can promote
proliferation as well as inhibit tumor progression [51]. For
instance, the pro-inflammatory cytokines IL-1 and TNF-a
promote tumor growth. In contrast, IFN-y contributes to
prevention of carcinogen-induced sarcomas [52] and its
loss enhances tumor formation [51]. Although the pro-
or anti-tumor response mechanisms of cytokines are not
well understood, several reports indicated the expression
of certain chemokines in tumor microenvironment
promote immunosuppressive or anti-tumor immune cell
recruitment. In our study, the increase of CXCLI1 and
CXCL2 both in rat model and patients with colon cancer
correlates with neutrophil recruitment within tumors.

We also found that the LipA analog converts
neutrophils from the protumorigenic N2 to the anti-tumor
N1 phenotype as attested by the induction of iNOS in
LipA-treated neutrophils. This seems to be important
for the anti-tumor function of neutrophils mediated
by the GZMB. However, the relationship between the
expression of iNOS, a hallmark of N1 phenotype, and
GZMB expression and release remains to be determined.
Furthermore, in search of signaling pathways involved
in GZMB expression of neutrophils, we showed that
p38 MAPKinase was required for LipA-induced GZMB
release from neutrophil and subsequently for neutrophil
mediated cytotoxicity.

Overall, we provide strong evidence for the
involvement of GZMB produced by neutrophils in
immuno-induced tumor regression, widening the field of
tumor immunotherapy mechanisms.

MATERIALS AND METHODS

Animal tumor models and cell culture

BD-IX rats and Balb/C mice, respectively
2—-3 month-old males and 7-8 weeks-old females, were
purchased from Charles River Laboratory. Carcinomatosis
in BD-IX rats was initiated by i.p. injection of colon

cancer cells PRObD [53, 54], a cell line obtained from a
colon carcinoma induced in BD-IX rat (Martin et al,
1983) and maintained at 37° C in HAM’s F10 (Lonza)
supplemented with 10% FBS (Lonza). As previously
described [8], the treatment began at day 14, when the
size of tumor nodules were around 2 to 5 mm in diameter,
and consisted of 15 i.v. injections of LipA at 1 mg/kg or
of physiological solution (in control rats), at the rate of 3
injections per week. Tumors in Balb/C mice were initiated
by s.c. injection of CT26 cells, a mouse colon cancer cell
line obtained from the American Type Culture Collection
and maintained at 37° C in RPMI (Lonza) supplemented
with 10% FBS (Lonza). The treatment began at day 3
and consisted of 5 i.v. injections of LipA at 8 mg/kg or
physiological solution (in control mice) every 5 day. The
inhibitor of neutrophils (SB225002, Tocris Bioscience)
was injected i.p. at 4 mg/kg the day before and at the same
time that LipA injections. The studies were reviewed and
approved by the Burgundy University ethics committee
for animal experimentation. CT26 cells were stably
transfected by calcium phosphate method [55] with the
pCMV6-Kan:Neo expression plasmid containing the full-
length serpin B9 ¢cDNA (OriGene). Clonal populations of
CT26 overexpressing serpinB9 were selected by isolation
of a single cell into a well of a 96-well plate and were
cultured with medium supplemented with neomycin
at 1 mg/ml.

Lipid A analog

OM-174 (OM-Pharma, Meyrin, Switzerland), is
a 2-deoxy-6-O-[2-deoxy-2- [(R)-3-dodecanoyloxytetra
decanoylamino] -4-O-phospho-B-D-glucopyranosyl] -2-
[(R)-3-hydroxytetradecanoylamino] -a-D-glycopyranosyl
dihydrogenphosphate.

Antibodies and reagents

Mouse antibody (mAb) anti-granulocytes (Santa
Cruz, clone HIS48) was used to characterize tumor-
infiltrating and purified neutrophils. Mouse anti-TCR o/
Ab (AbD Serotec, clone R73), goat polyclonal antibody
(pAb) anti-NKp46 Ab (R&D Systems) and mAb anti-
TCR v/6 Ab (AbD Serotec, clone V65) were used to
detect T lymphocytes, NK cells and y/6 T lymphocytes
respectively in tumors. Tumor cells were characterized
using an anti-cytokeratin mAb (DakoCytomation, clone
MNF116). The following Abs were also used: a mouse
anti-arginase 1| mAb (clone 19) and a rabbit anti-iNOS
pAb (BD Transduction Laboratories), a rabbit anti-cleaved
caspase-3 pAb (Cell Signaling), a mouse Anti-Cytokeratin
18 M30 CytoDEATH mAb (Roche, clone M30), a mouse
anti CD66b mADb (Biolegend, clone G10F5) and a rabbit
anti-granzyme B pAb (Thermo Scientific). Secondary
Abs used were anti-mouse or anti-rabbit Alexa Fluor 568
or 488 conjugates from Molecular Probes (Invitrogen).
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GZMB inhibitor 1 (z-AAD-CMK) was purchased from
Merck. Anti-CD11b-Alexa700 mAb (clone M1/70) and
Ly6G-Fitc mAb (clone 1A8) (BD Pharmingen), a rat anti-
granzyme-B-efluor450 pAb (eBioscience) and anti-CD45-
APC/Cy7 mAb (Biolegend, clone 30-F11) were used for
cytometry analysis. The following cytokines and inhibitors
were added to neutrophil cultures: recombinant rat 1L-2
(Biolegend), recombinant mouse IL-21 (eBioscience),
IL-12 and IFN-y (R&D Systems) and p38 MAP Kinase
Inhibitor (SB203580, Invivogen).

Detection of cytokines and chemokines by Ab
array

Tumors were harvested, lysed in lysis buffer
[56] and an equal amounts of proteins (Dc Protein
Assay kit (BioRad) were incubated with rat cytokine
array membranes (R&D Systems). The revelation was
performed according to the manufacturer’s protocol and
optical density was measured with ImageJ software.

RT-PCR

Total RNA from rat samples was extracted from
tumors using the RNeasy kit (Qiagen). RT-PCR were
performed with the Qiagen OneStep RT-PCR kit (Qiagen)
according to the manufacturer’s protocol. The primer
list was in Table 2. The PCR products were analyzed
by gel electrophoresis (1.5% agarose) and stained with
ethidium bromide (Invitrogen). The amplified cDNA
length was evaluated using the 100-bp DNA ladder
(Promega). All densitometric analyses were performed
with ImagelJ software. Total RNA from human samples
was extracted from tumors with Trizol (Ambion), qRT-
PCR were performed and analyzed with the Sybr Green
method (Thermofisher) according to the manufacturer’s
instructions. Expression was normalized to the expression
of human beta-actin using the 2¢2°T method previously
described [57].

ELISA

Granzyme B concentrations in spleen neutrophil
supernatants from rats or tumor associated-neutrophils from
mice were detected by ELISA (Uscn Life Science Inc and
R&D Systems) according to the manufacturer’s protocol.
Absorbance was read on a spectrophotometer (Asys UVM
340) at 450 nm wavelength (wavelength correction at 540
nm for mice ELISA).

Histopathology

Paraffin-embedded samples were cut into 5 um
thick. Sections were deparaffined, rehydrated and stained
with hematoxylin-eosinY (HE) or May-Griinwald Giemsa
(MGQG) for rat samples and Hematoxylin-eosin-saffron
(HES) for human samples. Apoptotic cells were detected

by TUNEL kit (Millipore) according to the manufacturer’s
protocol.

Immunohistofluorescence (IHF) and
immunofluorescence (IF)

For IHF, fixed tumors were embedded in OCT
(Labonord) after impregnation with 20% sucrose/PBS.
Sections were cut into 5 pum thick and fixed for 10 min in
cold acetone. Antigen retrieval was performed (citrate buffer
pH 7.3, 96° C, 20 min) before the blocking of nonspecific
sites with 3% BSA. For IF, neutrophils (1 x 10*) were plated
in Lab-Tek II (Nalge Nunc), fixed in 4% paraformaldehyde,
permeabilized in 0.2% Triton X-100 and incubated with
3% BSA. Slides for IHF and IF were incubated with
primary antibodies in 1% BSA/PBS/0.1% Tween, then with
appropriate secondary antibodies in 1% BSA/PBS/0.1%
Tween. Slides were mounted using Prolong Gold (Invitrogen).
Images from rat colon cancer were captured on a Nikon
Eclipse E400 epifluorescent microscope at 40x magnification,
images from human colon cancer were captured on a Axio
Imager 2 microscope with Axiovision software.

Apoptotic cell detection in vitro

Apoptotic cells was determined by Annexin
V/7 AAD kit (BD Biosciences) according to the
manufacturer’s protocol.

Neutrophil isolation and culture

Neutrophils from rats were purified from spleens
removing of red blood cells by osmotic lysis and purification
with Ab-anti HIS48 coupled to magnetic beads (Miltenyi
Biotec). Neutrophils (98% purity) were cultivated in Ham’s
F-10 medium supplemented with 10% heat-inactivated
FBS and 1% penicillin/streptomycin/amphotericin B
(Lonza). Neutrophils were pretreated for 18 h with 1 ng/mL
recombinant IL-2, 1 ng/mL IL-12, 100 ng/mL IL-21 and
250 U/mL IFN-y before treatment for 6 h with or without
10 pg/mL OM-174. Neutrophils from mice were purified
from tumors after mechanic and enzymatic dissociation
in solution of RPMI (Dutscher), FBS 2% (Dutscher),
Collagenase 1 mg/mL (Sigma-aldrich), DNase 0.1lmg/mL
(Sigma-aldrich), Hepes 25 mM (Gibco) for one hour at
37° C. After removing red blood cells by osmotic lysis and
purification with anti-Ly-6G Microbead Kit (Miltenyi), TAN
were co-cultivated with CT26 cells (5:1 ratio) in RPMI
medium supplemented with 10 FBS and 1% penicillin/
streptomycin/amphotericin B (Dutscher) and treated (18 h)
or not with LipA at 500 ng/mL and/or SB203580 at 2,5 M.

Methylene blue toxicity assays

After 24 h the supernatants from the above
neutrophil cultures were collected and added to 2 x 10*
PROD cells that were then treated with or without 50 uM
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Table 2: Primers used for RT-PCR

Gene Rat sequence Human sequence
CXCL-1 GAGAAAGAAGATAGATTGCACCGATG GAAAGCTTGCCTCAATCCTG
TTCTTCCCGCTCAACACCTTC CTTCCTCCTCCCTTCTGGTC
CXCL-2 GTGACACTGAAGAGTTACGATGTCAG GCTCCTTGCCAGCTCTCCTCCT
CCTGAGGCTCCATAAATGAAAGA TGTGGCTATGACTTCGGTTTGGGC
CXCL-3 CGCCCAAACCGAAGTCATAGCCA
TGGTAAGGGCAGGGACCACCC
CXCL-5 TGTTGAGAGAGCTGCGTTGCGTT
GGAGGCTACCACTTCCACCTTGG
L2 AAGCAGGCCACAGAATTGAAAC
CAGATGGCTATCCATCTCCTCAG
IL-8 TGACTTCCAAGCTGGCCGTGG
AAACTGCACCTTCACACAGAGCTGC
12 CACTCACATCTGCTGCTCCAC
CTGGCACGCCACTGAGTACTTC
L1 CAGCTCCACAAGATGTAAAGGGGC
CCATGTGCCTCTGTTTATTTCCTGTCC
TFN-y CTCTTGGATATCTGGAGGAACTGG
CGACTCCTTTTCCGCTTCCT
Nefl CACCGAGATCTACGAGTTCC
TCCCATGAGGCTGTTGAAGTAC
Nef2 GAAAGCATGAAGGATGCCTGG
ATAGCACCAAGATCACATCTCCTTCC
GAPDH GGCACAGTCAAGGCTGAGAATG

ATGGTGGTGAAGACGCCAGTA

GZMB inhibitor-1 in 96-well microplates for 24 h. The
cytotoxicity of neutrophil conditioned media to PROb
cells was evaluated using the methylene blue assay as
previously described [7].

Quantification of human tumor-infiltrated
neutrophils

The quantification of this infiltration was carried
out with the help of a pathologist from slides colored in
a standard manner by the HES. The tumors were then
classified into 4 groups according to the criteria defined
in the Table 1 legend. The same analysis was then redone
from the slides colored in MGG.

Granzyme-B detection by flow cytometry

Spleen neutrophils from mice were incubated for
4 h at 37° C in RPMI medium supplemented with 10%
FBS and Golgi Stop (BD Biosciences). Nonspecific sites
were saturated in the FCSB solution (eBiosciences) and
then incubated with the membrane antibodies (CD11b,
CD45, Ly-6G) in the FCSB solution. After fixation and
permeabilization (Fixation/Permeabilization solution,
BD Biosciences), neutrophils are incubated with an anti-
Granzyme-B. The cells were analyzed by flow cytometry
on BD FACSCanto™ 10.

Statistical analyses

Experimental data are expressed as means =+
SEM. Statistical analysis was performed using StatView
software. The Mann—Whitney U test was used to compare
data between two treatment groups. Differences were
considered statistically significant as follows: "P < 0.05;
P <0.01; P <0.005, and " P < 0.0005.
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