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Abstract

While neutrophils have dutifully performed their function in injury and infection, the recent works have
found that cytotoxicity and/or cytostatic of neutrophils has also been observed in tumor. Till now the
molecular players that participate in this neutrophils antitumoral effect remain unclear. In the current
study, we find that neutrophils from healthy donors have potent suppression to tumor cell lines by
physical contact. Importantly, these suppression activities seem to be cancer cell-specific which is not
observed in the normal cells. Further observations show that neutrophils mediated tumor cell lines
growth inhibitory effect through early cell cycle arrested. Treatment with an antagonist Fas receptor in
A549 cell line or knocking out of the Fas gene in A549 cell line recovers tumor cells cycle and lessen
neutrophils anti-tumor effect. The interaction between neutrophils and A549 cell line through Fas ligand
[Fas regulates the expression of cell cycle checkpoint proteins, leading to early cell cycle arrest. This
phenomenon is also seen in other 3 tumor cell lines. Taken together, our results identified a new role of
Fas ligand /Fas interaction in neutrophils antitumoral effect in tumors via arresting cell cycle.
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Introduction

Neutrophils are the most abundant leukocytesin ~ mice SR/CR shows that the antitumoral properties

the blood and are the first defense against infection
and tissue damage [1]. Besides this classical role in
antimicrobial function in infection, neutrophils are
also found infiltrating in many types of tumors, which
may also play a role in tumoral fate. Given that a long
progress in tumor growth, early studies suggested
that neutrophils would be mere bystanders in tumor
since its short longevity [2]. However, more recently it
is becoming clear that neutrophils play a critical role
in tumor. Although some studies suggest a
tumor-promoting role of neutrophils, under certain
conditions, they also seem to exert tumor-inhibitory
actions [3, 4].

The antitumoral activity of neutrophils in in
vivo/vitro and clinical trials have been reported and
the detail antitumoral action is attributed to direct and
indirect function [5]. A study of the cancer-resistant

are in fact due to PMN, macrophage and NK cells [6].
In this regard, some more investigations also find that
neutrophils from healthy donors have potent
cancer-resistant activity [7]. Besides, it is shown that
neutrophils could mediate antibody-induced
anti-tumor effects in mice with subcutaneous tumors
[8]. Furthermore, in 1975, Takasug et.al first showed
that peripheral blood PMN possessed direct
cytotoxicity against various cultured tumor cell lines
and over the years, a large number of reports showed
that PMN had cytotoxicity and/or cytostatic effects
on tumor in vitro [7, 9, 10]. The published studies
above show that neutrophils could be a potential
antitumor therapeutic tool.

Tumor suppression resulting from these direct
cytotoxic and/or cytostatic effects of neutrophils has
been researched and some properties of antitumor
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neutrophils have been described. Superoxide anion or
other ROS have been identified as effector molecules
in the mechanisms of oxygen dependent antitumoral
activity of neoplastic cells by neutrophils [11]. Besides,
neutrophils can utilize Fas ligand /Fas to regress
tumor cells [12]. And it seems that the antitumoral
effect requires physical contact between the immune
and malignant cells [7]. However, the mechanisms by
which neutrophils exert these effects have not yet
been defined.

In this paper, we demonstrate that leukocytes
from healthy donors could restrain tumor growth.
Additionally, human neutrophils and PBMC cancer
resistant activity are investigated and report that the
neutrophils are the main character to exert the
resistant activity, as other groups have shown, but the
mechanism by which neutrophils promote antitumor
immunity is poorly understood. And this neutrophils
suppression activity is not observed in normal cells
which indicate that neutrophils growth inhibitory
effect seems to be cancer cell-sepecific. Then we
examine the cell cycle and apoptosis of the
co-cultured tumor cells and the data show that the
role of neutrophils in promoting antitumor immunity
is to arrest early tumor cell cycle. In parallel, the
indirect contact culture model is applied and the
findings suggest that neutrophils antitumoral effect
requires direct contact. Based on these findings, we
further explore the interaction between the
neutrophils and tumor cells and find that the Fas
ligand /Fas signal transduction leads to tumor cell
cycle arrest with using Fas receptor antagonist and
Fas knock out cell lines.

Materials and Methods

Ethics approval and consent to participate

This study was approved the Medical Ethical
Committee of Jiangsu University. Blood specimens
were obtained from the cubital veins of healthy
drug-free donors after receiving the written informed
consent. Consent for the use of these samples was
given by the Medical Ethical Committee of Jiangsu
University. All of the experiments were performed in
accordance with the approved guidelines.

Materials

DMEM and Fas receptor antagonists were
obtained from thermo scientific (Waltham, MA, USA).
Fas receptor agonist was obtained from Biolegend
(San Diego, CA, USA). Fetal bovine serum (FBS),
protease inhibitor cocktail, Ficoll-Paque, Dextran and
RIPA buffer were obtained from Sigma-Aldrich (ST.
Louis, MO, USA). Antibodies for western blots were
obtained from Cell Signaling Technology (Boston,
MA, USA). Antibodies for FCM and apoptosis kits

were obtained from BD Bioscience (San Jose, CA,
USA). Cell cycle kit was obtained from DAKEWE
(Shanghai, China).

Cell culture

A549 cell line, A431 cell line, Hela cell line and
HepG2 cell line were obtained from ATCC and
cultured in DMEM with 10% (vol/vol) FBS.
Endothelial cells were isolated as previously
described and culture in ECM medium with 10%
(vol/vol) FBS. Cells were maintained in a humidified
incubator at 37°C, 5%CO:.

Isolation of human neutrophils and PBMC

Human peripheral blood was collected from
healthy persons and neutrophils were isolated using
Ficoll/ Hypaque centrifugation, as previously
described [13]. In brief, blood was mixed with an
equal volume of Dextran (3% in HBSS) and incubated
for 30 min at room temperature. The supernatant was
collected and layered on top of Ficoll, following a
centrifugation. The neutrophil-containing pellet was
resuspended in 3ml water for 30s to facilitate
erythrocyte lysis. Isotonicity was restored by the
addition of 3ml 2xHBSS. The neutrophil pellet was
then washed three times with Hank’s balanced salt
solution and resuspended in DMEM containing 5%
fetal bovine serum.

For PBMC isolation, whole blood diluted 1:1
with Hank's Balanced Salt Solution was overlaid onto
Ficoll separation media and centrifuged at 400 g for
35 min with no brake. The PBMC at the plasma
interface were collected and washed with HBSS twice
by centrifugation at 200g for 15min at room
temperature (RT).

Neutrophils migration assay

Chemotaxis was evaluated according to the
previously described[14]. A 24-well microchemotaxis
plate was applied, which contained with neutrophil
(1x10¢/ml) in the upper chamber and different
chemokines (tumor, supernatant, IL-8) in the lower
chamber. Plates were incubated at 37°C with 5% CO;
for 2h. Then the cells in the lower chamber were
collected and the results are presented as the mean
number of neutrophils per well. In addition,
neutrophils migration also assayed using under
agarose neutrophil chemotaxis model [15]. Briefly,
agarose solution mixed with medium consisting with
50% HBSS with Ca?* and Mg?* and 50% RPMI 1640
(20% heat-inactive FBS). Then pipetted 3 mL solution
into a 35mm culture dish and cooled. Till the agarose
solution turning solid and cool, three wells were cut
into a straight line in the gel. A549 cell were seeded
into the middle well and the other two wells were
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seeded with neutrophils. The gel cultured 2 h at 37°C
with 5% CO,. Neutrophils chemotaxisto tumor cells
were observed for 50 min and presented as the
distance observing with microscope.

In vitro suppression assay and morphological
observation

Cell proliferation was evaluated by the
colorimetric water-soluble tetrazolium salt (CCKS)
assay using a cell counting kit-8 according to the
manufacture’s instruction. Tumor cells were seeded
onto 96-well plate and incubated for 24 h. Then fresh
medium containing various concentrations of
neutronphils (treated with indicated) were added to
the culture plate and co-cultured for another 24 h. The
morphological change was observed under an
inverted phase-contrast microscope and SEM.
Following washing steps to remove the neutrophils
and the remaining viable tumor cells number was
assessed by measurement of the absorbance at 450 nm
using a microplate reader. Besides, the morphological
change was also observed with scanning electron
microscope. In brief, the tumor cells were seeded onto
a glass slide in the 24-well plate for 24 hours and then
treated with neutrophils incubating for another 24h.
Then the cells were fixed with 2.5% glutaraldehyde in
PBS for 15min. Following washing twice with PBS, the
fixed cells were dehydrated with an ascending
sequence ethanol. After evaporation of ethanol, the
samples were left to dry and then observed under
SEM after gold-palladium sputtering.

Cell cycle and apoptosis analysis

After 24 h neutrophils co-cultured with A549
(A431, Hela, hepG2) cells in 24-well plate, all cells
were collected by trypsinisation and washed with
phosphate-buffered saline (PBS). For cell cycle assay,
the cells were stained with CD66b, following the cell
cycle rapid detection solution was added into the
cells. Then the stained cells were analyzed by flow
cytometry. Neutrophils were ruled out with CD66b
staining and the remaining tumor cells were gated to
determine the cell cycle distribution. The cell debris
were gated out and the cell populations at G0/G1, S
and G2 phases were analysis by using lowjo 7.6.1. For
apoptosis assay, an apoptosis detection kit was used
according to the manufacture’s instruction. In brief,
cells were collected and resuspended in 1xbinding
buffer at a concentration of 1x10¢ cells/ml. Then,
CD66b, 5ul Annexin-V and 5ul PI were added into the
cells suspension and the samples were incubation for
15 min in the dark. Apoptosis was determined by flow
cytometry and Annexin-V positive and PI negative
was the cells undergoing apoptosis.

Western blot

Tumor cells (treated with indicated) were
incubated with various concentrations of neutrophils
for 24 h and then the neutrophils were ruled out with
CD66b staining and the remaining tumor cells were
collected to examine the protein expression. In brief,
total cells lysates were obtained and mixed with
3xSDS buffer, boiled and loaded on 10% SDS-PAGE
gels. Equal amount of protein were separated by
SDS-PAGE and transferred to nitrocellulose filters.
Non-specific binding was blocked in 3% BSA in
TBS/Triton, followed by incubation with primary
antibody 4°C overnight. Then the filters were
incubated with the appropriate secondary antibody
for 1h before enhanced chemiluminescence detection.
The bands were visualized using ECL reagent.

Fas, Fas ligand expression analysis

A549 cells were incubated with neutrophils for
24 h and then all cells were collected. Single cell
suspensions were washed twice with ice-cold PBS and
resuspended in PBS containing 5% FBS. Added
appropriately  conjugated fluorescent (anti-Fas
ligand-PE) or purified primary antibody (anti-Fas)
and incubated on ice for 30 minutes in the dark. Cells
were washed twice with ice-cold PBS following
centrifugation at 500g for 5 min. In terms of Fas
expression, resuspended pellet in PBS with 5% FBS
and added PE goat anti-mouse 1gG and incubated on
ice in the dark for 30min and washed again.
Resuspended cell pellet and analyzed with a flow
cytometer. In addition, Fas Ligand was also measured
using a commercial kit according to the manufacture’s
recommendations to determine the concentration of
Fas Ligand in culture supernatant.

Fas knock out A549, A43I1cell line

Fas knock out with lenti-CAS9-sgRNA system
was constructed by GeneChem (Shanghai, China).
Stably knock out cell lines were generated as
previously described [13]. In brief, lentiviral vectors
were transfected into tumor cell lines (A549, A431) at
indicated MOI (20, 20) in the presence of 5 ng/ml
polybrene. Replaced fresh medium after 12 hours
culture. The relevant empty lentivectors were used as
negative control. Western blot was used to determine
the expression of Fas.

Human XL cytokine proteome array

The human XL cytokine proteome array was
performed according to manufacturer’s instructions.
Neutrophil co-cultured (direct or indirect contact)
with A549 for 24 h, then collected the culture
supernates for the human XL cytokine array. Image]
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software was used to determine the pixel density in
each spot of the array.

Statistical analysis

All statistical analyses were performed with the
GraphPad Prism Software (version 4). Results were
expressed as the mean+SD. One-way ANOVA for
multiple groups and Student’s t test for 2 groups were
applied for statistical analysis. Statistical significance
was set at p< 0.05.

Results

Neutrophils migrate to tumor cells

Lots of studies have been described that cancer
cells could produce neutrophil chemoattractants [16,
17]. When co-cultured neutrophils with tumor cells,
neutrophils gradually migrated to tumor cells and
after 24 h incubation, neutrophils surrounded the
tumor cells was observed (Fig. 1la, b). To test the
chemotactic function of tumor cells, we utilized
transwell assay and under agarose neutrophil
chemotaxis model in A549 cells. After 2 h incubation,
in transwell assay neutrophils were collected from the
bottom and quantified. As seen in fig le, compared
with the control group, A549 cell and its supernatant
could mount more neutrophils migration. The similar
results were also observed in the under agarose
neutrophil chemotaxis model (Fig. 1c, d). Besides, we
detected the A549 cell supernatant for the production
of neutrophil chemoattractants using protein chip. As
shown in fig. 1f, g several relevant cytokines were
detected and the level of each cytokine was higher
than the control group. These data above indicated
that chemokines expressed by A549 cells could induce
neutrophil migration toward the tumor situ.

Neutrophils induce an antitumoral effect on
tumor cells

We first performed CCKS assay to determine the
effect of leukocytes on A549 cells growth in vitro.
Leukocytes from healthy donors were co-cultured
with A549 cells at different effector to target (E: T) cell
ratios. As seen in fig 2a, leukocytes detectably
contributed the anti-tumor function. To further
examine which cell contributed the result, a role of
neutrophils and PBMC were detected. As shown in
Figure 2a, b, a role of PBMC was ruled out, whereas
neutrophils did play a role in restraining tumor
growth which was in a dose and time dependent way.
Strikingly, neutrophils also exhibited a broad
antitumoral effect to other three different tumor cells
(Fig. 2c). And this phenomena was not observed in
normal cells which indicated neutrophil cytotoxicity
or (and) cytostatic effects might be cancer cell specific

(Fig.2h). Further, to research whether the growth
inhibitory effect of neutrophils was mediated by
induction of an apoptotic cell death or cell cycle arrest,
the apoptosis and cell cycle assay were applied. A549
cells were treated with neutrophils for 24 h, the cell
apoptosis and the distribution of cells in each phase of
the cell cycle were analyzed by flow cytometry (Fig.
2d, e, £, g). Treated with neutrophils, there were no
significant changes in the apoptosis of tumor cells in
24 h. However, treatment with neutrophils, tumor
cells were accumulated in GO/G1 phase after 24 h
incubation. The phenomena were also observed in
other three tumor cell lines (Fig. S4). These results
suggested that neutrophils suppressed cell growth
through arrest of early cell cycle progression in
GO0/G1 phase.

Direct contact is required for the growth
inhibitory effect of neutrophils

The morphological changes by neutrophils-
treated A549 cells were observed under SEM as
illustrated in Figure 3h that the neutrophils
surrounded along the tumor cells. In order to survey
whether the direct contact was required for
neutrophils anti-tumor activity, separating A549 cells
from neutrophils with transwell. The neutrophils
antitumoral effect was largely abrogated as shown in
Figure 3a. In parallel, the apoptosis and cell cycle
distribution were also examined using a transwell
model (Fig. 3d, e, f and g). Similarly, there was little
change of apoptosis and the cell cycle distribution in
transwell group when compared with control group.
In addition, we further set out to determine tumor
cells growth when wiping off the co-cultured
neutrophils. Tumor cells growth were recovered after
24 h following culture (Fig. 3b). Besides, treated with
neutrophils lysate, there was a consistence result with
above that the supernatant of lysate had little effect on
tumor cells, whereas the sediment of lysate did have
potent effect on tumor cells (Fig. 3c), which indirectly
indicated neutrophils suppression of tumor cells
required direct contact. In light of our observation
that neutrophils could restrain the tumor cells growth
in direct contact, we reasoned that the interaction
between A549 and neutrophils is the key point.

Neutrophils arrest cell cycle of tumor cells

The effect of neutrophils on cell cycle
distribution of A549 cells was examined in vitro. A549
cells were treated with various concentrations of
neutrophils for 24 h and results were analyzed by
FACS. Consistent with the above, neutrophils
restrained the progression of A549 cells and the effect
was in a concentration dependent way (Fig. 4a, b).
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Figure 1. Neutrophils migrates to tumor cells. Purified neutrophils from healthy adults migrating to tumor cells were observed under inverted phase-contrast
microscope (a) and the progress was monitored by using living cell station (b), scar bar, 200 um. Neutrophils chemotaxis toward A549 cells was assayed by using
under agarosechemotaxis model or transwell model. In under agarosechemotaxis model, the results were presented by the migration distance after 2 hours (c, d). In
transwell model, cells were counted from the bottom of transwell plate after 2 hours (e). The production of IL-8, GROo,, ENA-78 by A549 cell lines was measured
by proteome array (f, g). a=medium; b=tumor supernatant; c=tumor; d= IL-8. Data are representative of four (a, d, €) or three (b, f, g) independent experiments. Mean
and SD are presented. **P<0.001, compared with control group (ANOVA with Tukey’s test).
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Figure 2. Neutrophils induce an antitumoral effect on tumor cells. A549 (Hela, HepG2, A431, endothelial) cells were seeded onto 96-well or 24-well plate
and incubated for 24 h. Leukocyte, PBMC and neutrophils (treated as indicated) isolated from healthy adults were cocultured with A549 cells at 20:1, 10:1 and 3:1
neutrophil to tumor cell ratio for different time. Following overnight incubation, the antitumoral effects of leukocytes, PBMC and neutrophils were measured using
cck8 assay kit (a). Neutrophils co-culture with A549 for 24, 48, 72 hours and the cytotoxicity or (and) cytostatic effects was assessed by cck8 assay kit (b). The
antitumoral effect of neutrophils to other tumor cells (Hela, HepG2, and A431) and endothelial cells were also detected using CCK8 assay (c, h). Cell cycle and
apoptosis of A549 were assayed using flow cytometry (d, e, f, and g). Data are representative of four independent experiments. Mean and SD are presented. Statistical
analysis was performed by one way ANOVA; ##P<0.001, **p< 0.01, *p<0.05, compared with control group.

http://www.ijbs.com



Int. J. Biol. Sci. 2018, Vol. 14 2108

48h C
A - B - 4 — =
E 25 E g
g 20 23 24h = 2 e
8 XXX 8 Q xXX  KXK
& 32 =
£ 10 - E .
= 05 = 2
] ] =
O o oo S - - - - -
A549 + + + A549 (1) + -+ + - + A549 + + + + +
Neutrophil - + + A549(2) - + - s B Ne“"ﬁz;"tle . by
Direct contact + + - neutrophil - - + - Lysate-supem‘alant - - - + -
Lysate-sediment - - - - +
control Direct contact Transwell =
D . w1 1.1 ] EE
=] - g 100
§ 200 300 e =
<3 b b
O 100 N s, 10 N § 0
L] L] L] :
® S6K 100K 150K 200K 290K ® S0 160K 150K 200K 250K B SOK 18K 1SOK 268K 258K 3
Pl
F control Direct contact Transwell .
Il‘ |.‘ '.!
"t | 200% | w* 220% |4t 247% G = ¢
— | "w o? & § 3
Q. ' w’ ? E 2
v’ g Rl BT ;q sm% | q 302% 2
"’ w* 3 . . 1
T T R R T Tl 105’ se? w’ w0t et
A549 + + +
Annexin V Neutrophil - + +

Direct contact + +

Figure 3. Direct contact is required for the growth inhibitory effect of neutrophils. Neutrophil anticancer effect was assayed by indirectly co-incubating
A549 cancer cells with human neutrophils from healthy donors at effector to target (E:T) cell ratio of 20:1 using transwell model. Cells were incubated at 37°C in a
humidified 5% CO; incubator for 24h. Following washing steps to remove the neutrophils and the remaining viable tumor cells number was assessed by using CCK8
kit (a). Cell cycle and apoptosis of A549 were assayed using flow cytometry (d, e, f, g). In addition, we further seted out to determine tumor cells growth when wiping
off the co-cultured neutrophils. After 24 hours further culturing, tumor cells growth was examined using CCK8 kit (b). In parallel, neutrophil lysate was also used in
the antitumor assay and the result was measured using CCK8 assay (c). Neutrophils surrounded along tumor cells was observed under SEM (h), scale bar, 20 pm.
Data are representative of four (a-g) or three (h) independent experiments. Mean and SD are presented. Statistical analysis was performed by one way ANOVA;
*#%P<0.001, compared with control group.

A poe £T ratios0 | eee | ET ratios20 C  cyclin D1 | i - - p— |
.. - Cyclin D3 —— — ——
- ] e |
100 - CDK4 | — — e — — I
% ' 0 50K 100K 150K 200K 250K ° @ S0K 100K 150K 200 250K CDK6 l — L me— — |
8 — ET ratios 10| sen E:T ratios 3 E
- 4o p18 t - E — L 4
300 300
200 200 p21 L e d —— — |
100 100
° ° p27 r -—— — — |
@ 50K 100K 150K 200K 250K 0 50K 100K 150K 200K 250K
- GAPDH | e s e |
E:T ratios 0 20 10 3
B D
—_ 25
& 150 Gore1 T -+ cyclinD1
§ S -‘§ 2.0 P =l cyclinD3
2 100 e s 18] =< N padf 0.
:5 = ! =8 21
< S 10 ] P
s 50 = - p27
S E os = p18
- o
S o = 0.0
ET ratios O 20 10 3 E:T ratios 0 20 10 3

Figure 4.Neutrophils arrest cell cycle of tumor cells. Neutrophils co-incubated with A549 cells at E:T ratios of 20:1, 10:1 and 3:1. Using cell cycle rapid
solution to determine the cell cycle distribution, which was analyzed by flow cytometry. The representative images and detail data were shown in a, b. The related cell
cycle regulation proteins were evaluated by western blot (c,d). Data are representative of four independent experiments. Mean and SD are presented. Statistical
analysis was performed by one way ANOVA; *#P<0.001, compared with control group.

Cell cycle progression was regulated by the level  challenged with various concentrations of neutrophils
of various cyclins, the activity of cyclin-dependent  for 24h and the expressions of relevant proteins were
kinases and the CDK inhibitors [18]. A549 cells were = examined by western blot. Cyclin D1, D3 protein
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levels were diminished after neutrophils treatment
(Fig. 4c, d). Neutrophils also resulted in a reduction in
CDK-4 and CDK-6 levels (Fig. 4c, d). These findings
were consistent with the reduction of S populations
from the FASC analysis. In addition the CDK inhibit-
ors were also surveyed. pl8, a CDK inhibitor of the
plé=k+ family, forms a stable binary complex with
CDK6 and binds CDK4 weakly. pl8 has also been
shown to inhibit the expression of CDK®6 in vitro. Here
we found that A549 cells p18 level rose significantly
by 24 h neutrophils treatment. Unexpectedly,
neutrophils contributed a strong reduction in the
other CDK inhibitors p21 and p27 (Fig. 4c, d). p21 and
P27 have a dual function in the cell cycle: inhibition of
CDK-cyclin formation, particularly cyclin E-cdk2, as
well as facilitating the assembly of cyclinD-cdk4/6
complexes [19].

Neutrophils arrest cell cycle of tumor cells via
Fas Ligand/ Fas pathway

Neutrophil, as the first line of host defense, could
wipe out pathogens through phagocytosis, extra-
cellular degranulation, respiratory burst or spreading
of extracellular traps [20]. To prospectively determine
whether degranulation, respiratory burst or NETs
executed neutrophil anti-tumor activity, NADPH
oxidase inhibitor diphenyleneiodonium (DPI),
neutrophil elastase inhibitor alvelestat and
supernatant from FMLP stimulated neutrophils were
applied in the antitumoral assay. Data (Fig. S1A and
B) showed that treatment with stimulated neutrophils
supernatant containing lots of granules, there was no
significant changes in tumor cells cell cycle
distribution. In parallel, as shown in Fig. S1C, neither
DPI nor alvelestat did significantly alter neutrophils
mediated A549 suppression effect, which implied that
neutronphils respiratory burst or super oxide
production or NETs were not participated in this
anti-tumor effect observed.

As shown in proteome array, after co-culture
some supernatant cytokines changed a lot. In it, some
molecules (such as IL-8, Fas ligand et.al) attracted our
attention, which were highly related with cell
proliferation. Then the corresponded antagonist was
used to determine whether these molecules displayed
a role in neutrophil anti-tumor activity. We observed
that IL-8 receptor inhibitor did not significantly alter
neutrophil mediated A549 cells early cell cycle arrest,
whereas engaging Fas antagonist on neutrophils and
A549 co-culture resulted in partially growth
recovered, indicating the Fas signaling pathway
might play a critical role in this neutrophils early cell
cycle arrest process (Fig. 5d, Fig. 52D). And this result
was also observed in other 3 tumor cells (Fig. S4). In
addition, treated with Fas receptor agonist could also

lead to growth arrest (Fig. 5d, Fig. S2D). Further, the
apoptosis was measured and as shown in Figure 5e,
Additional file 2: Figure S2E, there was no significant
change when treated with Fas antagonist and a slight
increase was observed in Fas agonist treated tumor
cells. Here we demonstrated that the proliferation of
Fas-knock out A549 cells was partially restored when
co-culture with neutrophils (Fig. 5d, Fig.S2A). And
this result was also observed in A431 cell lines (Fig.
5d, Fig. 52B). Consistent with above results, there was
also no significant changes in neutrophils stimulated
Fas-knock out tumor cells apoptosis (Fig.5e, Fig. S2C).
Besides, the levels of Fas and Fas ligand were detected
using flow cytometry and ELASA (Fig. 5c, Fig. S3),
which was in accordance with above results that a
higher level of Fas ligand of neutrophils was seen in
co-culture group and no significant change of Fas of
tumor cells was occurred in each group. Following the
main cell cycle regulation proteins were examined
(Fig. 51, g) and found that the level of cyclins (cyclin
D1, D3) and CDK (CDK4/6) in tumor cells of
Fas-agonist group were significantly lower than that
of A549 cells from control group and vice versa.

Discussion

The significant improvement in cancer therapy
achieved over recent decades has gradually come
about through immunotherapy, which is based most-
ly on the properties of the adaptive immune system
(i.e. B and T lymphocytes) and some components of
the innate systems (like NK cells, macrophages or
complement proteins)[21, 22]. Despite the majority of
immunotherapy trails performed to date in cancer
patients having involved T cells, it is clear from a
number of recent studies that other innate immune
cell types can induce effective anti-tumor response
[23, 24]. Intriguing, neutrophils, as the main character
of the innate immune system, have rarely been
considered as a sound tool against tumor and the role
as well as the concrete mechanism of neutrophils in
tumor suppression has not yet been well defined[24,
25].

Till now, the research thus far on the role of
neutrophils in cancer has focused largely on these
tumor associated neutrophils, which vary depending
on the tumor context [26, 27]. The infiltration and
effects of neutrophils within a tumor are due to the
intrinsic properties of both tumor and host [26, 28, 29].
Thus, neutrophil may be a double-edged sword that
can display both tumor promoting and inhibitory
effects. Recent research have demonstrated that using
neutrophils from a strain of naturally cancer-restrain
mice could regress the tumor growth[6, 30, 31]. In
addition, neutrophils from healthy human donors
also show an excellent cytotoxicity to the tumors in
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vitro[7]. We speculated that under certain circumsta-
nces neutrophils exhibit a powerful antitumor effect.

The results from the present study showed that
neutrophils suppressed the growth of tumor, while
this was not the first report to show that. Data from
this study extended the previous results that
neutrophils mediated tumor suppression via Fas/Fas
ligand pathway. In addition, we have shown that the
suppression was to arrest the tumor cells cell cycle
and the interaction between Fas L and Fas was
involved in this process.

In the current study, we demonstrated that
neutrophils from some healthy donors exert highly
suppression effect to tumor cells, exhibiting 70%
growth inhibitory effect at 20:1 effector-to-target cell
ratio after 24h co-culture. Four human cancer cell lines
including cells from A549, A431, Hela and HepG2
were used as the target cells and above neutrophils
antitumor activity could be seen in each of them.
Importantly, these neutrophils mediated antitumor
activity is specific to tumor cells since the neutrophils
displayed little effect against normal cells. This
observation suggests that neutrophils may serve as a
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safeguard protecting host from cancer. Within kinds
of human and murine tumor, neutrophils are found to
infiltration in it[2, 32]. Consistent with this, we
observed that neutrophils migrated to the tumor site
and accumulated around the tumor cells in the
co-culture dynamic video and this phenomenon was
also seen with the invert-phase microscope and SEM.
It has been described a number of lung cancer could
produce neutrophil chemokines, such as IL-8, GROa
et.al. In terms of A549 cell line, the chemokines were
determined with protein chip and results were shown
in Figure 1 F, G. With these chemoattractants,
neutrophils could migrate to the tumor site. As seen in
Figure 1 E, neutrophils trans-migrated the transwell
membrane to the lower chamber, where there were
various chemokines. In parallel, using under agarose
neutrophils chemotaxis model, the similar results
were also observed (Figure 1 C, D). These results
suggest that neutrophils can detect the presence of
tumor and migrate to the tumor site, leading a
suppression of the tumor cells.
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Figure 5. Neutrophils arrest cell cycle of tumor cells via Fas/ Fas ligand pathway. A549 cancer cells co-incubated with human neutrophils from healthy
donors in the presence or absence of the Fas antagonist (BMS140) and agonist (EOS9.1) at effector to target (E:T) cell ratio of 20:1. Cell cycle and apoptosis of A549
cells were detected by flow cytometry (d, e). Fas L and Fas expression level were further examined by using flow cytometry (c). The relevant cell cycle regulation
proteins were evaluated by western blot (f, g). Fas was knock out in A549 cells. The relevant empty lentivectors were used to induce control nonspecific (NS)
expressing cells. Expression of Fas in knock out A549 cells was detected by western blot (a, b). Knock out tumor cells (A549, A431) co-incubated with neutrophils
for 24 hours at E:T ratio of 20:1, cell cycle and apoptosis of tumor cells were examined (d, e). Data are representative of four independent experiments. Mean and
SD are presented. Statistical analysis was performed by one way ANOVA; *P<0.001, compared with control group.
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In general, the ability of neutrophils to suppress
tumor cells could be attributed to the inhibition of
proliferation, promoting apoptosis or both. Various in
vitro studies have observed this suppression effect,
while there is little research coming into the cell
proliferation or apoptosis. Our further study
indicated that neutrophils suppressing tumor in vitro
was mainly due to early cell cycle arrest. Cell cycle,
the process by which cells progress and divide, lies at
the heart of cancer. Many sources have linked
irregularities in the G1 phase or the G1/S checkpoint
to uncontrolled growth of tumor and many cancers
including breast and skin cancers have been
prevented from proliferating by causing the tumor
cells to enter G1 cell cycle arrest [33, 34]. Neutrophils
exerted their growth arrest on treated tumor cells by
accumulating cells at G0/G1 phase with increased
pl8 level and decreased cyclin D1, D3, CDK4/6
expression, implying that neutrophils may interfere
with protein synthesis of tumor cells that halting their
progression from G1 to S phase during their cell cycle
and preventing the cells from dividing and spreading.
Besides, one of the most striking phenomenon about
the anti-tumor cytotoxic effect of PMN, according to
the collected literature, is the need for an intimate,
physical contact between the PMN and the target
tumor cell. In vivo experiments, to elicit an antitumor
immune response, tumor cell lines undertaken genetic
modification to produce cytokines or chemokines
demonstrated close contact between PMNs. This
phenomenon were observed when transferring G-CSF
[35] and IL-2 [36] gene in murine models of
adenocarcinoma. In vitro observations, some already
ancient [11, 37] and from other experimental models
in which it is demonstrated that a direct contact is
required as separating the tumor cells from the PMN
with transwells largely abrogates the killing effect [7,
38, 39]. The same characteristic has also been
described in the mechanisms of cellular antibody
dependent cytotoxicity (ADCC), produced by PMNs,
as demonstrated by multiple publications [40-46].
Consistence with previous results we also found that
separate tumor cells from neutrophils with transwell
largely abrogated the restrain effect, which implied
that the antitumoral effect of neutrophils requires
physical contact between the immune cells and
malignant cells.

Previous reports have shown that T cell respond
to tumor specific antigen and mediate antitumor
responses via expression of IFN-y and granzymes[47]
and the involvement mechanisms that neutrophils
against bacteria are phagocytosis, release of
antimicrobial substances and the formation of
neutrophil extracellular traps [20, 48, 49]. Further,
research on these released mediates functions in

neutrophils antitumoral effects were undertaken. And
our findings suggested that neutrophils degranula-
tion, respiratory burst or NETs may be not required
for the anticancer effect observed. Then the molecular
mechanism by which neutrophils executed these
cytostatic effects was studied and here our findings
suggested that neutrophils Fas ligand expression
interacting with tumor cells Fas resulted in the
neutrophils mediated antitumoral activity. Studies in
the decades have demonstrated that PMN is related to
the rejection of cancer cells expression FasL (CD95L).
Cancer cell lines transfected with CD95L gene have
shown a suppression of tumor cells with a massive
infiltration of PMN and monocytes [50-57]. Depletion
of PMN in vivo, the effect of rejection of CD95L+
tumor has reduced which suggests a role of PMN in
tumor cell suppression [51]. Further, the cytotoxicity
of PMN against colon carcinoma cells transfected with
CD95L gene was observed both in vivo and in vitro
[52]. The local anti-tumoral effect, mediated mainly by
PMN, is also achieved when the cells transfected with
CD95L gene are non-malignant fibroblasts mixed
with untransfected cancer cells [58]. In addition the
simultaneous CD95L and GM-CSF gene transfection
into Lewis lung carcinoma cells also suppressed their
growth in vivo via massive PMN infiltration [59]. The
antitumoral effect achieved by p53 gene transfer, due
to its upregulation of CD95L in human cancer and its
chemotactic properties toward neutrophils, indirectly
indicate the effect of CD95L [60]. Otherwise, CD95L
expression on tumor cells is also implicated in tumor
evasion of immune surveillance. The high expression
of FasL on melanoma cells leads to neutrophil
inactivation and assists tumor development and local
transfer of PMA-treated neutrophils delayed tumor
formation by melanoma cells [61]. In this work,
neutrophils function different depend on the
expression level of tumor CD95L and the activity of
neutrophils in the tumor-bearing mice. Above works
addressed the effect of CD95L on tumor [61]. Besides,
published reports have suggested that neutrophils via
Fas ligand induce tumor cells apoptosis [62].
Intriguing, our research suggested that Fas L signals
can partially regulate cell cycle proteins and prevent
tumor cells expansion in vitro. When a Fas receptor
engages with its ligand, a caspase cascade is initiated,
which in most cases leads to apoptosis of Fas* cells
[63]. Moreover, accumulating data indicate that Fas
signal may modulate other cell process in addition to
its well-known death-triggering capability. Engaging
FasL on T cells in culture results in growth arrest [64].
Dendritic cells (DC) maturation to release IL-18 and
interferon-y during DC-T cell cognate interactions is
induced by Fas engagement[65]. In terms of this
study, considering the neutrophils seeding time and
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concentration may explain this result. The published
report seeded neutrophils when tumor cells
attachment and formation of a confluent monolayer
which was in the later stage of tumor logarithm stage
and the concentration of seeded neutrophils was
twice as many as our present study used [62]. We
have shown here that Fas agonist can restrain A549
cells proliferation. Furthermore, neutrophils arresting
A549 cells cell cycle was partially restored by Fas
antagonist engagement. In parallel, our data on
Fas-knock out tumor cells indicates that FasL
engagement may tonically promote neutrophils-
mediated tumor cells suppression.

In conclusion, this work overall characterizes the
mechanism by which neutrophils suppress tumor
cells via arresting cell cycle in vitro. Our data in this
report show that neutrophils gradually accumulate
around tumor cells after co-incubation. Such
interaction may result in more contact with tumor
cells and reach the anti-tumor activity level in early
time. Neutrophils are versatile, plastic cells that
response to kinds of tumors influences with the
expression of distinct transcriptional programs and
functions. The available information suggests that
neutrophils infiltrate in tumors acquire varieties
properties to affect tumor progression. The identifica-
tion of mechanism and molecular associated with
neutrophils mediated antitumoral effect provides a
basis for tumor therapeutic strategies.
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