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ABSTRACT
The aim of this study was to investigate the role of tumor-associated neutrophils (TANs) in the metastasis 
of pancreatic ductal adenocarcinoma (PDAC), to explore the regulation of TANs, and to determine the 
mechanisms governing the metastasis of PDAC. The correlation between neutrophils and the patient’s 
clinical pathological data was first evaluated. Then, the effects of neutrophils on the invasion of PDAC 
were analyzed using a combination of conditioned media, direct and indirect coculture of human 
peripheral blood neutrophils, and PDAC cell lines (Panc-1, MiaPaCa-2 and AsPC-1). The cytokines secreted 
by neutrophils were detected through ELISA. TAN density was significantly correlated with poor metas-
tasis-free survival (P < .05). Through coculture, it was found that the effect of neutrophils on pancreatic 
cancer cells was dependent on concentration, and a high concentration of neutrophils showed a lethal 
effect, while a low concentration of neutrophils primarily promoted the migration ability of cancer cells. 
The results of the wound-healing assay, the Transwell invasion assay, and laser confocal microscopy 
confirmed the promoting effect and indicated that the effect of neutrophils toward cancer cells may 
function indirectly by releasing a series of cytokines. The results of ELISA show that this effect may be 
achieved through the secretion of a large amount of TNF-α and TGF-β1 by neutrophils. Our study 
indicated that neutrophils may increase the metastasis of PDAC by releasing a series of cell cytokines, 
such as TNF-α and TGF-β1.
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Introduction

It is expected that pancreatic ductal adenocarcinoma (PDAC) 
will become the second leading cause of cancer-associated 
death in the next decade. With a 5-year overall survival (OS) 
rate of 7%, PDAC is the cancer of the gastrointestinal tract with 
the poorest prognosis.1,2 One of the main reasons for the poor 
prognosis of PDAC is its strong metastatic tendency. Our 
previous study suggested that even in patients with resectable 
PDAC, the majority of those patients (56%) were found to have 
metastases to the local lymph nodes during surgery.3 

Metastasis is the most common cause of death after surgery, 
especially liver metastasis.4–6 Our previous study showed that 
the postoperative PDAC metastasis rate was up to 70% (liver 
metastasis accounted for 84.3%).7 Therefore, it is particularly 
important to explore the mechanism of metastasis of PDAC.

Neutrophils are one of the primary components of the 
human immune system and represent an important weapon 
against tumors.8,9 However, neutrophils may not be effective 
against tumors in patients with depressed immunity. Yan et al. 
have shown that the anticancer activity of neutrophil granulo-
cytes in cancer patients is poor compared to healthy people.9 

Evidence-based medicine has shown that tumor-associated neu-
trophils (TANs) have a significant correlation with the prognosis 
of cancer patients.10 A number of studies have shown that 

neutrophils can promote the epithelial-mesenchymal transition 
(EMT) ability of cancer cells to promote tumor invasion and 
metastasis.11–13 However, related evidence is still lacking in 
PDAC. Therefore, the present study investigates the role of 
TANs in PDAC patients to detect its correlation with the clinical 
features, metastasis and prognosis of PDAC patients, as well as 
the related possible mechanism in PDAC.

Materials and methods

Patients

All patients were admitted to the General Surgery Department 
of Peking University Third Hospital (China, Beijing) between 
October 2015 and October 2017, were diagnosed with PDAC, 
underwent radical surgery and were confirmed by pathological 
examination. Patients who received other oncotherapy before 
surgery were excluded. The degree of tumor differentiation and 
lymph node metastasis were determined by pathological exam-
ination. Pathological staging was assessed according to the 
American Joint Commission on Cancer (AJCC) criteria, ver-
sion 7.14 After discharge from the hospital, all patients were 
followed at 3-month intervals for the first year and at 4- to 
6-month intervals thereafter, and the end point was 
December 2017. The collected clinical information included 
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serum CA19-9 levels, chest X-rays, abdominal ultrasound, 
abdominal magnetic resonance imaging (MRI) or computed 
tomography (CT). Metastasis was diagnosed when a new lesion 
was detected by CT scan or ultrasound, and other metastases or 
recurrences were excluded. Some of the metastases were 
detected by positron emission tomography (PET-CT). Biopsy 
was not routinely performed due to the risk of needle tract 
metastasis.

Detection and evaluation of TANs

Immunohistochemistry was used to identify tumor-associated 
neutrophils (TANs) in primary tumor tissue with the specific 
anti-CD15 antibodies (ab212396, Abcam), a specific marker 
of neutrophils.15 Round cells with a diameter of 10–15 µm, 
abundant cytoplasm, rod-shaped and lobulated nuclei, and 
rough and uneven chromatin arranged in small clumps, as 
well as CD15 expression, were recognized as neutrophils. The 
area for TAN assessment was defined as within the borders of 
the invasive tumors, which did not include immune infiltrates 
in adjacent normal tissue or ductal carcinoma in situ. TANs 
in the tumor area with crush artifacts, necrosis, or regressive 
hyalinization were also excluded. For patients whose TAN 
density was heterogeneous in a single tumor section, we 
evaluated different regions and reported the average level. 
A consensus evaluation of all surgical specimens was reached 
through reexamination. Two pathologists were blinded to 
clinical outcomes and evaluated TANs independently. The 
Spearman correlation coefficient between the two pathologists 
was 0.85 (P < .001).

Cell culture

Peripheral blood neutrophils from pancreatic cancer patients 
were isolated and purified by density gradient centrifugation 
on PolymorphPrep (Axis-Shield PoC AS, Oslo, Norway) 
according to the protocol supplied by the manufacturer. 
Three human pancreatic cancer cell lines, Panc-1, MiaPaCa-2 
and AsPC-1 (American Type Culture Collection, ATCC, 
Manassas, VA), were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM) medium containing 10% fetal bovine serum 
at 24-well culture plates (Costar, Corning, NY, USA) for 24 h. 
Neutrophil viability, which was tested by Trypan blue exclu-
sion after 24 h of incubation with cancer cells, was 62.2% 
(±0.04%). The following day, isolated neutrophils (3 × 106/L 
in DMEM medium) were added. Each cell line was divided into 
three groups (monoculture, direct coculture and indirect 
coculture) (Supplementary Figure 1). For direct coculture of 
cancer cells with neutrophils, neutrophils were resuspended in 
DMEM and added to each well. For the indirect coculture 
group, 12-well Transwell inserts (membrane pore size: 
0.4 mm, Costar, Corning, NY, USA) were used to separate 
400 cancer cells (at lower chambers) from DMEM (at upper 
chambers). For the control group (defined as monoculture), 
cancer cells were cultured in the culture plate alone in equal 
amounts of DMEM. Cells (1 × 105) were grown at 37°C in 
a humidified incubator in the presence of 5% CO2.

Cell proliferation assay

Proliferation assays were performed using CCK8 (Dojindo). 
Cells were plated in 96-well plates in triplicate at approximately 
1000 cells per well and cultured in growth medium. Cells were 
then cocultured with neutrophils, lymphocytes or no other 
cells, and the number of cells per well was measured by the 
absorbance (450 nm) of reduced water-soluble tetrazolium salt 
(WST) at the indicated time points. Lymphocytes were isolated 
via lymphocyte separation media (HLSM1077, Multi Sciences) 
from fresh blood from healthy donors according to the man-
ufacturer’s instructions. According to OD, a cell growth curve 
was produced, with cell number serving as the X-axis and OD 
value serving as the Y-axis.

In vitro wound-healing assay of the effect of neutrophils

A wound-healing assay was performed to assess the effects of 
neutrophils on the migration of PDAC cells. Cancer cell line cells 
(8 × 105/mL) were plated into 6-well plates and grown overnight 
to near confluence. Cells in the experimental group were either 
treated with neutrophils of different concentrations, and the 
control group was left untreated. Using a pipette tip, a cell-free 
area was scraped in each well, and culture was continued. Images 
were taken at different time points, and cells migrating into the 
cell free space were quantified.

Observation under a laser confocal microscope

After culture for 24 h, the cell slides were fixed in 3.7% PFA and 
penetrated by 0.2% Triton x-100 for 10 minutes. Two second-
ary antibodies, goat anti-mouse IgG1 heavy chain (FITC) 
(ab97239) and DyLight649 goat anti-rabbit IgG (H + L) 
(GAR6492, MultiSciences) were added to the media 30 minutes 
after being treated with 5 mg/mL of anti-E-cadherin or 10 mg/ 
mL of anti-vimentin antibodies overnight and visualized by 
epifluorescence microscopy after staining with Hoechst solu-
tion (Sigma) for 30 minutes.

Transwell invasion assay

Transwell assays were performed as described previously.16 

Each cell line was divided into three groups (monoculture, 
direct coculture and indirect coculture) (Figure 2b). Briefly, 
8.0-mm Matrigel-coated Transwell supports from Becton 
Dickinson Canada (BD) were used to evaluate cell invasion. 
Fifty thousand cancer cells were suspended in 500 mL of 10% 
FBS/DMEM and seeded in the upper chamber. The bottom 
chamber was filled with 1 mL of 10% FBS/DMEM. In experi-
ments with indirect coculture, 50,000 (1:1) or 200,000 (4:1) 
human peripheral blood neutrophils were added to the bottom 
chamber. In direct coculture experiments, neutrophils were 
added to the upper chamber mixed with the cancer cells. 
Membranes were equilibrated at room temperature for 10 min-
utes before cells were added, and the cells were allowed to 
invade for 24 h followed by fixation in 3.7% PFA. Cell invasion 
was calculated as the average cell coverage area in µm2 on the 
underside of the membrane compared with the cancer cell 
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control. The results were calculated based on the analysis of 20 
fields (×20) in five independent experiments.

ELISA

For the ELISA experiments, 5,000 cancer cells (Panc-1, 
MiaPaCa-2 and AsPC-1) were cultured in 1 mL of culture 
media in a 24-well plate. Where indicated, neutrophils were 
added at a 1:1 ratio or 4:1 ratio. For all experiments, the media 
was centrifuged at 400 × g for 5 minutes to remove cells and 
stored at −80°C until use. ELISA kits for IL-8, TNF-ɑ, TGF-β1, 
MMP9, EGF, IL-6, IL-12, IL-1β, GM-CSF and G-CSF were 
purchased from Multi Sciences, China. The ELISA experiments 
followed the manufacturer’s protocol for each cytokine tested.

Statistical analysis

The Mann–Whitney U-test was used to describe the normality 
of each continuous parameter’s distribution. The χ2 test was 
used for the analysis of categorical variables in the TAN- 
negative and TAN-positive groups. Quantitative results are 
reported as the means ± standard deviations. Associations 
between clinical and histopathological parameters with overall 
survival (OS) were analyzed using Kaplan-Meier curves and 
compared with the log-rank test. All analyzes were performed 
using SPSS 22.0 statistical software (SPSS, IL, USA). 
Significance levels were determined at p < .05.

Results

Clinical parameters of PDAC are associated with the 
expression of TANs

Due to the time required for follow-up and the completeness 
of the patients’ information, 57 patients with ductal 

Table 1. Comparison and evaluation of the clinical parameters of TANs classifica-
tion in PDAC patients.

Classification
TANs 

negative TANs positive

Variable Mean SD Mean SD P Value

Age(years) 61.14 6.98 62.53 3.87 0.381
Gender(male/female) 18/15 11/13 0.703
Platelet(×103/mL) 210 70.2 227.5 75.51 0.673
Lymphocytes(×103/mL) 1.46 0.57 1.55 0.49 0.923
Neutrophil (×103/mL) 3.44 0. 597 5.25 2.09 0.039
AFP(U/mL) 3.544 0. 921 4.35 1.74 0.674
CEA(ng/mL) 23.9 31. 

321
14.29 5. 35 0.087

CA125(U/mL) 21.42 16.22 23.23 9.35 0.645
CA199(U/mL) 379.66 622.85 512.31 821.01 0.026
CA242(U/mL) 71.78 112.12 141.66 155.12 0.051
Diameter(cm) 3.14 1.21 3.32 1.58 0.418
PLR 151.12 45.32 168.12 48.34 0.336
NLR 2.47 2.85 4.61 3.24 0.321
AJCC-stage(<ⅡB/≥ⅡB) 19/15 11/13 0.595
Location (Head/Others) 30/3 23/1 0.643
Differentiation (well to 

moderate/others)
11/22 10/14 0.585

Abbreviations: PLR: platelet/lymphocyte ratio; NLR: neutrophil/lymphocyte ratio

Figure 1. Evaluation criteria of TANs for PDAC: figure A, C, E and G were immunohistochemistry (CD15) (20 × 100) of TANs, respectively. The same rows of B, D, F and 
H were the results of HE in the PDAC tissue of the same patient. Figures C and D were enlarged as the typical TANs. Plot of metastasis-free survival (i) and overall survival 
(j) for all patients stratified based upon TAN groups. Abbreviations: TAN tumor-associated neutrophils.
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adenocarcinoma were included in this study, and the relevant 
data of the patients are shown in Table 1. Representative 
images of different TAN levels are shown in Figure 1 A–H. 
The evaluation criteria of the TANs with PDAC were evalu-
ated as A and B (0 points), C and D (1 points), E and F (2 
points), and G and H (3 points) according to the occurrence 
rate of the TANs. Both 0 points and 1 point were rated as 
negative TANs, and 2 points and 3 points were rated as 
positive TANs (Figure 1). Through immunohistochemical 
staining score, 24 patients were recognized as TAN-positive, 
and 33 were TAN-negative. In December 2017, thirty-nine 
patients developed metastases after surgery. Among the 

patients, thirty-four have already died. By comparing the 
clinical parameters of the two groups, the results showed 
that the number of neutrophils in the blood of the TAN- 
positive group was significantly higher than that of the TAN- 
negative group (P = .039, Table 1). Moreover, the traditional 
markers of CA199 in the TAN-positive group were signifi-
cantly higher than those in the negative group. Although 
there was no significant difference between the TAN- 
positive and TAN-negative groups in overall survival 
(P = .059, Figure 1j), further analysis indicated that patients 
with a higher level of TANs tended to have a shorter metas-
tasis-free survival (P = .004, Figure 1i).

Effects of neutrophils on proliferation and migration of 
PDAC cells

By comparing with the untreated group, three PDAC cell lines 
(Panc-1, AsPC-1, MiaPaCa-2, 1 × 109) showed significant 
differences in shape after treatment with neutrophils for three 
days. The deformed cells resembled boats, which is a classic 
transformation of epithelial-mesenchymal transition (EMT) 
(Supplementary Figure 2). Moreover, some of the cancer cells 
also show signs of death. Therefore, whether neutrophils have 
a lethal effect on cancer cells was further evaluated. CCK8 was 
used to detect the effect of neutrophils on three PDAC cell lines 
(Panc-1, AsPC-1, MiaPaCa-2), and it was found that neutro-
phils had a lethal effect on tumor cells. This killing effect of 
neutrophils is significantly stronger than that of lymphocytes 
(Figure 2).

To test whether the effect of neutrophils on cancer cells 
depends on concentration, cell lines of PDAC (Miapaca-2) 
were cocultured with neutrophils in different concentration 
gradients. High concentrations of neutrophils (1 × 109) show 
obvious promotion of the migration of cancer cells in the early 
stage but show a lethal effect later, while low concentrations of 
neutrophils (1 × 108) mainly promote the migration of cancer 
cells (Supplementary Figure 3).

An in vitro wound-healing assay indicated that a low con-
centration of neutrophils mainly promoted the migration of all 
three PDAC cell lines (Panc-1, Miapaca-2 and Aspc-1) (Figure 
3). By comparing the separately cultured cancer cell groups, 
Transwell invasion experiments indicated that indirect and 
direct co-culture with neutrophils significantly increased the 
transmigration of all three PDAC cell lines (Panc-1, Miapaca-2 
and Aspc-1) (Figure 4). The effect of neutrophils on cancer 
cells may be indirect.

To further detect the effect of neutrophils on the EMT of 
cancer cells and the mode of action, we used laser confocal 
microscopy to detect the EMT proteins (E-cadherin and vimen-
tin) of tumor cells in different coculture methods (direct cocul-
ture and indirect coculture). PDAC cell lines (Panc-1, MiaPaCa- 
2, and AsPC-1) cultured in three groups: trained directly with 
neutrophils (direct coculture), trained indirectly (indirect cocul-
ture), and untrained (monoculture). The results showed that 
through training with neutrophils, E-cadherin expression was 
significantly decreased, and vimentin expression was signifi-
cantly increased. Such a change is a significant trend of EMT, 
which is found in both direct and indirect coculture. Thus, the 

Figure 2. CCK8 test. PDAC cells (panc-1, miapaca-2, aspc-1 cells, 4 × 106) were 
cocultured with neutrophils (1 × 109) after 12 h of seeding (equal PDAC cells 
seeded first, neutrophils and lymphocytes were added after 12 h; therefore, the 
OD value showed a difference at 12 h). Compared with lymphocytes (1 × 109) and 
the monoculture group, neutrophils show a lethal effect on PDAC cells.
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effect of neutrophils toward cancer cells may function indirectly 
through such means as releasing cytokines (Figure 5).

Detection of cytokines in the coculture system of 
neutrophils and PDAC by ELISA

Neutrophils may stimulate PDAC cells by releasing a series of 
cytokines. Through searching relevant literature, we found that 
IL-8, TNF-ɑ, TGF-β1, MMP9, EGF, IL-6, IL-12, IL-1β, GM- 
CSF, and G-CSF were reported. To test whether these cytokines 
participated in the effect of neutrophils on PDAC cells, the 
concentration of cytokines was detected in the culture med-
ium, where the neutrophil and PDAC cell lines were cocultured 
in the 6-well plates at different ratios (direct coculture and 
indirect coculture) for 24 h. The results indicated that the 
neutrophils secreted a large amount of TNF-ɑ and TGF-β1 
after coculturing with PDAC cells (Figure 6).

Discussion

Our results showed that the number of neutrophils in the blood 
of the TAN-positive patients was significantly higher than that 
of the TAN-negative patients. Our previous study suggested 
that the neutrophil evaluation parameter NLR in the blood 
system could predict postoperative metastasis.7 Moreover, 
our study found that CA199, a widely used clinical indicator 
for the prognosis of PDAC, was significantly higher in the 
TAN-positive group than in the TAN-negative group. 
Multiple studies have shown that these parameters are signifi-
cantly correlated with postoperative metastasis of PDAC.17,18 

Both of the above results indirectly proved the correlation 
between TANs and PDAC metastasis. Although this study 
fails to develop an association between overall survival, it 
found that patients with a higher level of TANs tend to have 
a shorter metastasis-free survival. Similar results are also found 
in other tumors, such as lung cancer, breast cancer, colon 
cancer, liver cancer, oral cancer and esophageal cancer.19–25 It 
has been shown that TANs not only promote tumor growth of 
PDAC but also regulate their tolerance to treatment and induce 
immune suppression.26 Reid et al. showed that TANs are more 
frequently found in the micropapillae and undifferentiated 
types of pancreatic carcinoma of pancreatic ducts.27

Using a coculture technique, our study found a two-sided 
effect of neutrophils on PDAC cells. On the one hand, when 
cocultured with neutrophils at a low concentration, pancreatic 
cancer cells show a classic transformation of epithelial- 
mesenchymal transition (EMT). EMT refers to the phenom-
enon of epithelial cells transforming to mesenchymal cells 
under normal physiological or specific pathological conditions, 
which is thought to be a morphological change before tumor 
infiltration and metastasis. This transformation is demon-
strated by the detection of EMT proteins through western 
blotting and laser confocal microscopy. Moreover, the promo-
tion of metastasis by low concentrations of neutrophils was 
also demonstrated in wound-healing assays and Transwell 
invasion assays. These results indicated that a low concentra-
tion of neutrophils could significantly promote the metastasis 
of PDAC cells.

However, neutrophils are the most important weapon for the 
body’s immune system to resist tumors, which is also indicated 
in our study. However, this lethal effect on tumor cells was only 

Figure 3. In vitro wound-healing assay of three PDAC cells (Panc-1, MiaPaCa-2, AsPC-1) cocultured with neutrophils and without (controls) at 0 h (Panc-1: photo after 
neutrophils added; MiaPaCa-2 and AsPC-1 photo before neutrophils added), 24 h and 48 h, respectively. As shown in the figure, neutrophils can promote the migration 
of all three PDAC cells (Panc-1, MiaPaCa-2, AsPC-1).
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observed when neutrophils were present at a high concentration. 
PDAC is mostly rich in fibrous tissue; therefore, the infiltrated 
neutrophils in the tumor often cannot reach a high concentra-
tion. Although some pancreatic cancer tissues are rated as TAN- 
positive, the neutrophils are still detected at a relatively low level. 
Therefore, such a killing effect on cancer cells may not be 
observed in PDAC patients.28 Although neutrophils in a very 
low concentration often fail to constitute an effective killing 
ability, they inevitably stimulate cancer cells, which may lead to 
the invasion and metastasis of pancreatic cancer. Therefore, 
neutrophils in PDAC tissue may be an important factor to 
promote the invasion and metastasis of tumor cells.

Furthermore, the ability of neutrophils to promote cell 
metastasis in PDAC is observed in both direct and indirect 
coculture. Therefore, we speculate that the interaction 
between the two types of cells is mainly regulated by the 

secretion of cytokines. A large number of studies have sug-
gested that neutrophils can promote the infiltration and 
metastasis of tumor cells by releasing cytokines to alter the 
microenvironment.11,13,29–31 In this study, cytokines in the 
culture medium of the coculture system of neutrophils and 
PDAC were detected by ELISA, and the results typically 
indicated that neutrophils secreted a large amount of TNF-ɑ 
and TGF-β1 after coculture. High concentrations of TNF-α 
kill cancer cells. The role of TNF-α in the development of 
cancer has been reported previously, and this cytokine has 
been revealed as an important participant in facilitating the 
development of lung cancer cells induced by BaP.32 This 
cytokine has also been suggested as a useful tumor marker 
for the poor prognosis of breast cancer.33 TGF-β signaling 
events are well-known to control diverse processes and 
numerous responses, such as cell proliferation, 

Figure 4. Transwell invasion experiments of Panc-1, Miapaca-2 and Aspc-1 cells separately cultured (Mo, Monoculture, FIG. ADG), indirectly cocultured with neutrophils 
(In, FIG. BEH) and directly cocultured (Di, Direct coculture, FIG. CFI). Compared with the monoculture, both indirect and direct co-culture with neutrophils increased the 
transmigration of all three PDAC cell lines significantly (JKL) (＊ P < .05; ＊＊ P < .01; ＊＊＊P < .001).
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Figure 5. Expression of E-cadherin in three PDAC cells (Panc-1, MiaPaCa-2 and AsPC-1) was significantly reduced when direct cocultured (Di) or indirect cocultured (In) 
with neutrophils compared with that monocultured (Mo), while vimentin was significantly increased. The expression of E-cadherin and vimentin in Panc-1 at A and B, 
MiaPaCa-2 at C and D for AsPC-1 at E and F. To make each group comparable, the fluorescence brightness of the nucleus was set at the same level in the laser confocal 
imaging of the three groups. Vimentin (expressed in the cell membrane) was highly expressed in the indirect culture group in MiaPaCa-2, resulting in a higher 
brightness, so that it could not be distinguished in the image whether the expression site was the cell membrane or the nucleus. (＊ P < .05; ＊＊ P < .01; ＊＊＊ 
P < .001).

Figure 6. Detection of cytokines in three groups of cell lines (P: Panc-1, M:Miapaca-2, A:Aspc-1) in culture medium. (D: directly cocultured with neutrophils) and (In: 
indirectly cocultured with neutrophils). Detection of the concentrations of TNF-alpha, IL-6, TGF-beta, IL-12, GM-CSF, MMP, IL-8, EGF and G-CSF in cell culture medium 
(Fig A, B, C, D, E, F, G, H, I and J, respectively). Among all the cytokines, only TNF-α and TGF-β concurred with the experimental hypothesis: secreted by neutrophils, 
especially when stimulated by pancreatic cancer cells (1. the secretion of the cytokines was significantly increased in the coculture system; 2. their secretion was 
positively proportional to the concentration of neutrophils). (＊ P < .05; ＊＊ P < .01; ＊＊＊P < .001).
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differentiation, apoptosis, and migration, as well as 
metastasis.34–36 It has been proven that TGF-β1 expression 
is an independent prognostic indicator for intrahepatic cho-
langiocarcinoma patients.37 TGF-β1 is an upstream effector of 
MMPs and VEGF, which could promote invasion, angiogen-
esis, and proliferation in many cancers.34–37

Conclusions

Neutrophils are an important weapon of the human immune 
system against tumor development. However, tumor cells can-
not be completely killed or suppressed by neutrophils due to 
their low concentrations. Although neutrophils cannot effec-
tively kill tumor cells, they inevitably stimulate tumor cells, 
enhancing their EMT function and thereby inducing the inva-
sion and metastasis of cancer cells. The abovementioned 
modes of action can be achieved by secreting a series of cyto-
kines, such as TNF-ɑ and TGF-β1.

Abbreviation

AJCC American Joint Committee on Cancer
EGF Epidermal growth factor
EGFR Epidemic growth factor receptor
GM-CSF Granulocyte-macrophage colony-stimulating factor
IL Interleukin
MMP9 Matrix metallopeptidase 9
PDAC Pancreatic ductal adenocarcinoma
PMNs polymorphonuclear leukocytes
TANs Tumor-associated neutrophils
TGF-β1 Transforming growth factor-beta 1
TNF-ɑ Tumor necrosis factor-alpha
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