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Abstract. Objective: Human neutrophil peptides (HNPs) -1, -2 and -3 are significantly upregulated and were reported as
biomarkers in gastric cancer (GC). However, the tissue location and function of HNPs 1-3 are still unclear in GC, and the spatial
distribution of the triad needs to be disclosed. The aims of this study were to investigate the distribution and relationships among
HNPs-1, -2 and -3, and assess whether infiltrated neutrophils accumulate in gastric tumor.
Methods: In this study, paired samples (n = 33) of the GC tissues and adjacent normal tissues from the same patients were
obtained from surgery. Expression of HNPs 1-3 were detected by matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS). The distributions of the HNPs 1-3 in GC tissues were investigated. After verification of HNPs-1
by immunohistochemistry, infiltrated neutrophils were also detected. Then, an in vitro assay was used to observe the binding
capacity and measure the cytotoxic effect of HNPs-1 against AGS cells.
Results: Comparing to neighboring normal tissue, expressional level of HNPs 1-3 were significantly higher and their distributions
overlapped in cancerous tissues of GC patients with high abundance in the lamina propria, whereas HNPs-1 was identified as the
highest major peak. Moreover, HNPs-1, -2 and -3 correlated with each other. Besides, we also observed that increased infiltrated
neutrophils accumulating in GC tissues, indicating that a strong positive correlation between HNPs 1-3 and infiltrated neutrophils.
In addition, the further investigated demonstrated that the major peptide, HNPs-1, was statistically increased with the advance
of tumor development from the early to advanced stage of GC (p < 0.05). Moreover, we also noticed that HNPs-1 with a great
binding capacity to GC AGS cells in vitro can inhibit tumor cell growth.
Conclusions: Our results suggest that neutrophil secreted peptides, HNPs 1-3, increased in the GC tissues and could be used as
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potential biomarkers detected using MALDI-TOF MS, implying that elevated neutrophils may be used as a tumor target for tumor
treatment. The binding capacity of HNPs-1 with GC cells implies that tracking molecules conjugated with HNPs-1 could be
applied as a specific probe for GC diagnoses.
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1. Introduction

Gastric cancer (GC), mostly diagnosed as gastric
adenocarcinoma, is a malignant gastric epithelial tu-
mor that originates from the glandular epithelium of
the gastric mucosa. According to the current statistic
data, GC is the fourth most common cancer and the
second most common mortal malignancy, which caus-
es approximately 800,000 deaths annually worldwide,
especially in Asia [1–4]. Early detection of GC is con-
sidered helpful for tumor treatment; thus, searching for
and defining reliable biomarkers of GC coupled with
improved and precise diagnostic methods are urgent-
ly needed to prevent further metastasis and enhance
therapeutic success.

Gastroscopy followed by a histological examination
of a biopsy specimen is still the gold standard for diag-
nosing GC in the clinic. However, it is invasive, time
consuming, expensive, and physically unpleasant for
most patients. Moreover, missed detection still com-
monly occurs [5]. Human neutrophil peptides (HNPs)
alpha defensin 1, 2, and 3, packaged in neutrophil gran-
ules, are reported to be especially highly expressed in a
variety of cancers, including metastatic colorectal can-
cer [6,7], bladder cancer [8], renal cell carcinoma [9],
squamous cell carcinoma [10], and breast cancer [11].
The characteristics of HNPs 1-3 in cancer tissues may
be useful and applied for tumor diagnosis or therapy.
However, the spatial locations and functions of HNPs-
1, -2 and -3 still remain unknown in GC.

In the previous studies, it has been demonstrat-
ed that HNPs 1, 2 and 3 display an ambiguous bio-
functions toward the survival of tumor cells. Under
lower concentration in the growth medium, HNPs 1-
3 can promote tumor cell growth; in contrast, howev-
er, they possess cytotoxicity to tumor in higher con-
centration [12]. Therefore, it is important to disclose
the roles of HNPs 1-3 to understand their putative
functions correlated with GC. Previously, Kon’s group
indicated that HNPs 1-3 are significantly upregulat-
ed as biomarkers of GC as discovered in gastric flu-
id [13]. Other studies also indicated that HNPs 1-
3 have the potential role to serve as biomarkers for
GC, as they are expressed in cancerous tissues using
surface-enhanced laser desorption/ionization time-of-

flight mass spectrometry (SELDI-TOF-MS) or matrix-
assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) [14,15]. However,
the spatial distributions of HNPs 1-3 are still unclear
in gastric malignant tissues, and current tools are in-
sufficient to rapidly quantify the expressional levels of
HNPs 1-3 in tissues contrast to time-consuming im-
munohistochemistry. Moreover, we tried to investigate
the binding capacity of HNPs-1 with GC cells in this
study applied by a direct binding assay, followed by ob-
servations with MALDI-TOF MS and fluorescent mi-
croscopy. Further, the cytotoxic effect was also inves-
tigated using WST-1 assay.

MALDI-imaging mass spectrometry (IMS), a so-
phisticated, novel analytical tool, is designed to visu-
alize the spatial distribution and determine the molec-
ular composition of putative biomarkers [11,15–18].
MALDI-IMS is well adapted for studying small-
molecular-weight peptides or proteins ranged up to
mostly 30 kDa, and the information can then be di-
rectly correlated to tissue histology [16]. Moreover,
MALDI-IMS is useful for diagnosis and prognosis of
patients or defining key proteins from needle or resect-
ed biopsies [16], and enable the combination of identi-
fication and localization for biological components di-
rectly from tissues without the need for additional tech-
niques, such as radioactive or fluorescent regents [19].
Therefore, MALDI-TOF MS and derived IMS were
used here to detect the expressions of HNPs 1-3.

In this study, we hypothesized that HNPs-1, -2, and
-3 are correlated with each other and overexpressed in
GC tissues. Moreover, the increased level of HNPs
1-3 also implies the elevation of infiltrated neutrophils.
The aim of this study was to evaluate the overexpres-
sion of HNPs 1-3 and disclose the spatial distributions
of HNPs 1-3 by MALDI-IMS in GC. Moreover, we al-
so investigated whether neutrophils accumulate in gas-
tric tumor. On the other hand, the MALDI-TOF MS
detection assay may complement existing diagnostic
tools by enhancing the accuracy due to its highly sensi-
tive and specific characters. Moreover, the determined
binding capacity of HNPs-1 could be further applied to
in vivo imaging diagnostic and therapeutic probes by
conjugating it with a chemotherapeutic component or
radioactive isotope.
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2. Materials and methods

2.1. Clinical tissue preparation

The project was approved by the institutional review
board of Taipei Medical University (no. P970302). Ev-
ery matched-pair sample including tumor tissues and
adjacent normal controls from individual patients was
obtained by surgery, instantly frozen in liquid nitro-
gen, and stored at −80◦C for further investigation.
Each pair of 10 µm-thick tissue sections was obtained
on a cryostat (Microm HM525, Thermo Scientific) at
−20◦C and deposited on indium tin oxide (ITO) coat-
ed glass slides (Delta Technologies) for the MALDI-
IMS analysis or on PEN membrane glass slides for
laser capture microdissection (ArcturusXT). Subse-
quently consistently cut tissues were also acquired and
attached on to general glass slides for methylene blue
staining, immunohistochemistry, and naphthol AS-D
(3-Hydroxy-2-naphthoic-o-toluidide) chloroacetate es-
terase staining. Tumor grades were determined accord-
ing to the American Joint Commission on Cancer Stag-
ing (AJCCS) system by an experienced pathologist un-
der microscopy (BX51, Olympus) after staining with
0.1% methylene blue for 1 min.

2.2. Matrix spotting

For the MALDI-IMS analysis, one tissue sample
with stage IV and its adjacent normal control, both
checked by methylene blue staining (Fig. 1A), were se-
lected to be spotted with the fresh sinapinic acid (SA)
matrix. An automatic sprayer (Chemical Inkjet Print-
ing, ChIP1000, Shimadzu Biotech) was used to deliver
a 100-picoliter volume of matrix solution (20 mg/ml
SA, 50% acetonitrile, and 0.1% trifluoroacetic acid in
deionized water) onto the tissue surfaces using piezo-
electric technology. The distance between the drops
was set to 150 µm, and the total quantity of solution
was set to 7500 picoliter by spraying 3 drops of 100
picoliter matrix solution each time. To obtain sepa-
rate crystal spots on the tissue, it was necessary to wait
60,000 msec between cycles.

2.3. MALDI-TOF MS

The MALDI-TOF MS instrument (UltraFlexIII,
Bruker Daltonics) was used to enforce the main pro-

cessingwith a standard 337-nmN2 laser at 1000Hz and
a laser spot size of 50 µm. The instrument was operat-
ed in a positive linear mode at 26%∼28% laser power.
In total, 1200 laser shots were accumulated from each
deposited matrix droplet. The spectral data were base
line-subtracted using Flexanalysis software and then
rendered to the ClinProt platform for statistical anal-
ysis to pick the differential peaks in the MALDI-IMS
analysis. The data calculated by ClinProt software was
rendered to the Flexanalysis platform again for image
visualization.

2.4. Immunohistochemistry

Immunohistochemistry was performed using a stan-
dard peroxidase-based staining method. Fresh tissue
sections (10 µm) were dried on a heater at 37◦C and
consecutively immersed in sequential 75%, 95%, and
100% ethanol for 1 min for protein fixation. Briefly,
endogenous peroxidase activity was quenched with 3%
hydrogen peroxide for 10 min. The antigen epitope
was exposed by immersing the tissue slide in 10 mM
citrate acid within boiling water for 25 min. Succes-
sive incubations with the primary goat anti-HNPs-1 an-
tibody (PeproTech, 091CY133G) and the horseradish
peroxidase (HRP)-conjugated anti-goat antibody were
performed for 1 h in phosphate-buffered saline (PBS)
buffer with shaking. An AEC kit (Sigma) was used for
staining, following by the attached manual. Briefly, a
mixed solution of 2.5 M of acetate buffer, AEC chro-
mogen (3-amino-9ethylcarbazole) and 3% hydrogen
peroxide were performed instantly and consecutively
incubated with tissue slides. The image of stained
slides was observed and acquired under microscopy
(BX51, Olympus).

2.5. Intensity fading MS

AGS cells were cultured in 10 ml of F12K medium,
which included 10% fetal bovine serum and 1% antibi-
otic (a mixture of 100 U/ml of penicillin and 100 µg/ml
streptomycin), within a 5% CO2, 37◦C incubator for
48 h. AGS cells were suspended by trypsin treatment
and collected by 1000-rpm centrifugation for 10 min.
A series of AGS cells (cell numbers of 5 × 103, 104,
and 2 × 104) were incubated with 1 µg of HNPs-1 for
1 h. Each mixture was centrifuged at 1000 rpm to sep-
arate the supernatants and pellets. Supernatants at 1 µl
were mixed with 20 mg/ml SA at a 1:1 ratio and spotted
onto a steel plate until completely dry for further anal-
ysis. On the other hand, the pellets (AGS cells) were
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Fig. 1. Detection of HNPs-1, -2 and -3 using the MALDI-TOF MS analytical technique. (A) Histopathological confirmation of both cancerous
tumor (T) and non-tumor (NT) tissues of each gastric specimen was carried out by staining with methylene blue. (B) An overview of the protein
distribution within a virtual gel view of the MALDI-TOF MS analysis, which generated by obtained spectra of normal (220 spots) and tumor
(460 spots) with a laser spot size of 50 µm on tissues. (C) Differential peaks on the spectral protein profile between T and NT tissues. Two
peaks (m/z 5692 and 14,010) were present in the normal region of gastric specimens and two defined peaks (m/z 10,830 and 13,148) specifically
existed in the cancerous region. Furthermore, three peaks (m/z 3370, 3442, and 3486) showed significantly higher intensity in the cancerous
region, compared to the normal region. Each peak was labeled with a black arrow (D) The detailed spectra of the peaks at m/z 3370, 3442, and
3486 were determined to be HNPs-1, -2 and -3, respectively.

washed with PBS buffer three times, directly pipetted
onto ITO slides, and transferred to a heater at 37◦C
until completely dry. Each 1 µl of 20 mg/ml of SA
was pipetted onto every plaque of cells three times to
acquire adequate protein-matrix crystals and to extract
sufficient tissue proteins on the surface. The operating
conditions of MALDI-TOF MS were the same as those
of MALDI-IMS previously described.

2.6. In vitro binding assay

AGS cells were cultured as previously described to
acquire an adequate amount of cells in an eight-well
chamber slide, subsequently fixed on a heater at 37◦C,
and immersed in an ethanol series at 75%, 90%, and
100% individually for 1 min. Fixed cells were incu-
bated with 50 µg/ml of HNPs-1 for 1 h. The goat
anti-HNPs-1 antibody and fluorescein isothiocyanate
(FITC)-conjugated anti-goat antibody were then se-
quentially added and reacted for 1 h. Between each

reaction procedure, washing by PBS buffer was nec-
essary. Images were acquired under visible white
light and adequate fluorescent wavelength (excitation:
490 nm; emission: 520 nm) of microscopy (BX51,
Olympus). Meanwhile, the control was processed by
the same procedure except HNPs-1 incubation.

2.7. WST-1 assay

The WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-
(2,4-disulfophenyl)-2H-tetrazolium,monosodium salt)
(Takara) assay was used to observe the cytotoxicity of
HNPs-1 and cell proliferation after incubation for 48 h.
The detection processes followed the attached instruc-
tions. Each well of a 96-well microplate contained 2
× 104 cells in 200 µl of culture medium, and there
were at least six replicates. A dose-dependent manner
was performed and the concentrations of added HNPs-
1 were 10, 50, and 100 µg/ml. Meanwhile, the positive
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and negative controls used 2% Triton X-100 and no
addition, respectively.

2.8. Statistical analysis

The statistical software SPSS was used to calculate
the significance according to Student’s t-test. The sig-
nificance (p value) was acceptable at < 0.05. The co-
efficient of variation (CV) was defined as the standard
deviation to mean.

3. Results

3.1. Detection of HNPs 1-3 by MALDI-IMS

First, we intended to detect the expressions and dis-
tributions of HNPs 1-3 using MALDI-IMS. Each pair
of GC tissues from the same patients was stained by
methylene to individually determine normal and can-
cerous tissues (Fig. 1A). MALDI-TOF MS-derived
technology, MALDI-IMS, was used to detect the pro-
tein signal and also observe the spatial distributions and
co-localizations of HNPs-1, -2 and -3 in clinical tis-
sues. The detection mass spectrum ranged 2 ∼ 20 kDa
due to the limitation of the low resolution in high-mass
capture (> 20 kDa) with MALDI-TOF MS. A repre-
sentative proteomic map is shown by a gel view of
the mass spectrum in Fig. 1B. Two peaks (m/z 5692
and 14,010) and five peaks (m/z 3370, 3442, 3486,
10,830 and 13,148), indicated by arrows, individually
increased or decreased in tumorous tissues compared
to the normal controls (Fig. 1C). According to our aim,
HNPs 1-3 were the major items observed in the experi-
mental process. The results showed that HNPs 1-3 (m/z
3370, 3442 and 3486) were apparently overexpressed
in GC tissues; by contrast, lower signals appeared in
normal gastric tissues (Fig. 1C, D). Among the triad,
HNPs-1 was always the major peak, and HNPs-3 was
consistently the minor peak. This phenomenon was
also reported by Lundy’s group using a MALDI-IMS
approach to detect the HNPs 1-3 in gingival crevicu-
lar fluid [20]. Furthermore, by selecting their specific
molecular masses, the imaging data showed that HNPs
1-3 were co-locatlized on the same tissue positions (all
p < 0.01 in ClinProt, Fig. 2A).

3.2. Verification of the overexpressions of HNPs 1-3

We further investigated 33 other pairs of GC tissues
(Table 1) to validate the expression of HNPs 1-3 and

Table 1
Characteristics of gastric cancer patients

Patient Gender Age (year) HNPs-1
(n = 33) female/male (n) (T/NT: > 2 fold)

I/II: 6 1/5 70 ± 11 1 (17%)
III: 10 1/9 68 ± 14 4 (40%)
IV: 17 11/6 61 ± 15 11 (65%)

Stages were determined according to the rules of the AJCC (The
American Joint Committee on Cancer). HNPs, human neutrophil
peptides; T, tumor; NT, non-tumor.

observed correlations among HNPs-1, -2, and -3 using
MALDI-TOF MS. MALDI-IMS proved useful for de-
tecting the presence of HNPs 1-3. However, each ana-
lytical spectrum measured by MALDI-TOF MS instru-
ment has a different intensity under the flexible condi-
tions of laser strength and frequency. In this study, we
first tested a cohort of standard peptides (angiotensin
II (m/z 1046), angiotensin I (m/z 1296), substance P
(m/z 1347), bombesin (m/z 1619), ACTH clip 1–17
(m/z 2096), ACTH clip 18–39 (m/z 2465), and somato-
statin (m/z 3147), Bruker) of the same amount in dif-
ferent concentration solutions of HNPs-1 at 0.0078 ∼
0.5 g/L to ensure that using MALDI-TOF MS for the
expression analysis was feasible. Subsequently, the ra-
tio of m/z 3442 (HNPs-1) to m/z 3147 (somatostatin)
was determined, and a standard curve was calculated
and completed (Fig S1A and B, r2 = 0.98, CVinter =
18% and CVintra = 16% as HNPs-1 at 0.5 g/L) which
demonstrated that MALDI-TOF MS can be used for
qualitative analysis of HNPs 1-3. On the other hand,
in order to ensure the quantification of HNPs 1-3 by
MALDI-TOF MS in the tissue of gastric cancer, we
measured the levels of external HNPs-1 at 0 ∼ 1000
mg/L (Fig. S1C). The result showed that the linear dy-
namic range of HNPs-1 in real tissues can be three or-
ders of magnitude (Fig. S1D, r2 = 0.99, CVinter =
11% and CVintra = 9% as HNPs-1 at 1000 mg/L)
from 0.07 to 4.33 of HNPs-1 to sum of peaks, indicat-
ing quantification of HNPs-1 using MALDI-TOF MS
was feasible due to the highest ratio in the stage IV of
gastric cancer was 0.20 ± 0.04 (Fig. 2F).

MALDI-TOF MS results showed that HNPs 1-3
demonstrated significant differences in abundances in
cancerous tissues compared to normal tissues (Fig. 2E)
consistent with the investigation by MALDI-IMS. The
CVinter and CVintra values of MALDI-TOF used in
the clinical tissues analysis were 18% and 5%, respec-
tively. HNPs-1, -2 and -3 were positively correlated
with each other (Fig. 2B-D, all p < 0.0001), imply-
ing that HNPs 1-3 were deposited at the same position.
Then we selected the major peak, HNPs-1, for further
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Fig. 2. Spatial contribution, correlation, and expressions of HNPs 1-3. (A) HNPs-1 (red, m/z 3442), -2 (blue, m/z 3770), and -3 (green, m/z
3486) in the same cancerous tissue were determined by MALDI-IMS. The triad was significantly overexpressed in cancerous tissue compared
to normal tissue. The triad overlapped at the same positions, whereas HNPs-1 was the major peak and was higher than the other two. The
results imply that the triad may have the common biological functions in gastric cancer (GC) tissue. (B-D) Other pairs of GC tissues (n = 33)
were measured to observe the expressions of HNPs-1, -2, and -3 using MALDI-TOF MS direct analysis on tissue slides. HNPs-1, -2 and -3
were positively correlated with each other. (E) Semi-quantification by MALDI-TOF MS revealed that HNPs 1-3 were overexpressed in tumor
compared to non-tumor. Target: HNPs-1, -2, or -3. (F) Moreover, we show that the major peptide, HNPs-1, gradually increased from the early
to advanced stage of GC. HNPs-1 was particularly elevated and differentiated in the advanced stage. Sum: the sum of all peaks detected by
MALDI-TOF MS. *p < 0.05, **p < 0.01. Scale bar, 1 mm.

investigation. We determined that the overexpressed
HNPs-1 gradually increased from the early to advanced
tumor stage not only in the proportion of tumors to
non-tumors (Table 1) but also at the expression level
(p < 0.05, Fig. 2F).

Immunohistochemistry was also used to verify the
expression of HNPs-1 in the GC tissues. One pair of
GC tissues was stained with methylene blue (Fig. 3,
upper panel) to determine the pathological condition
before immunohistochemistry. Consequentially anoth-

er pair of tissue sections was determined by immuno-
histochemistry to detect the expression and position of
HNPs-1. The results demonstrated that HNPs-1 ap-
peared in the cancerous tissue, and was upregulated
compared to that in normal control, and abundantly
presented in the lamina propria (Fig. 3B, middle pan-
el). Next, we used laser capture microdissection to
separate and obtain tissues of the gastric gland and
lamina propria from cancerous tissues in order to con-
firm the expression of HNPs-1 in the lamina propria,
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Fig. 3. Verification of HNPs-1 and neutrophil expressions. The expression of HNPs-1 was confirmed by immunohistochemistry. (upper
panel) One pair of samples was stained with methylene blue to ensure the pathology. (middle panel) The same tissue slide was analyzed by
immunohistochemistry. Results showed that HNPs-1 (indicated by arrows) was mainly located in the lamina propria of both adjacent normal
and gastric cancer tissue. HNPs-1 appeared on cancerous tissue more than normal control. (lower panel) Infiltrated neutrophils were observed to
have accumulated in tumor tissues detected by naphthol AS-D chloroacetate esterase staining. MB, methylene blue; PMN, polymorphonuclear
neutrophils.

and immediately analyzed the captured sections using
MALDI-TOF MS to observe the expression of HNPs-
1. The results revealed that HNPs-1 more abundantly
appeared in the lamina propria than that in the gastric
gland (Fig. S2B).

3.3. Neutrophil accumulation in GC tissues

We proposed that the increased HNPs 1-3 may di-
rect the accumulation of infiltrated neutrophils in tu-
mors. In order to observe the accumulation of neu-
trophils in GC tissues, we performed naphthol AS-D
chloroacetate esterase staining. We observed that the
infiltrated neutrophils accumulated in cancerous tissues
more than that in normal tissue (Fig. 3, lower panel),
supporting neutrophils specifically appearing in tumor
tissues. The same pair of tissue samples was also in-
vestigated by MALDI-TOF MS, which demonstrated
that neutrophil-secreted peptides, HNPs 1-3 (m/z 3370,

3442, and 3486), were overexpressed in tumor tissues
more than in normal tissues, indicating that the over-
expressions of HNPs 1-3 were correlated with elevated
neutrophils.

3.4. Role of HNPs-1 in GC

In order to reveal the function of HNPs-1, an in vitro
binding assay was used to determine the binding capac-
ity of HNPs-1 with the GC cell line, AGS, including
intensity-fading MS and an immunofluorescent assay.
The intensity-fading MS assay was first designed to
observe the protein-protein interactions, which showed
that HNPs-1 could directly interact with AGS cells
without being retained in the supernatant (Fig. 4A).
Moreover, the spectrum intensity increased from a low
to high amount of AGS cells, which indicated that only
a sufficient accumulation of HNPs-1 could be detect-
ed by this approach. On the other hand, the control
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Fig. 4. Binding capacity of HNPs-1 to gastric cancer AGS cells. (A)
A novel MALDI-TOF MS-derived technique, and intensity fading
MS present the binding capacity of HNPs-1 with AGS cells (a: 5 x
103; b: 104; c: 2× 104 cells). Cells boundwith 1µgof HNPs-1were
analyzed by MALDI-TOF MS as directly conducted on a steel plate.
The results demonstrate that HNPs-1 has the capacity to bind to AGS
cells. (B) Observation of external HNPs-1 binding to AGS cells by
an immunofluorescent assay. Upper two panels: the cell distribution
with or without HNPs-1 incubation under visible white light. Lower
two panels: a clump of AGS cells incubated with HNPs-1 show
higher fluorescent signals on the cell surface, moreover, the control
without adding HNPs-1 contrarily presented no fluorescence. Scale
bar, 25 µm.

without adding HNPs-1 for binding could not detect
the HNPs-1 signal. The result demonstrates that AGS
cells do not secrete HNPs-1 or only secrete an extreme-
ly small amount of HNPs-1 which is insufficient for
detection by MALDI-TOF MS. Next, an in vitro bind-
ing assay in tandem with an immunofluorescent assay
allowed us to directly observe the binding phenomenon
under a microscope. This result indicated that the flu-
orescent signal obviously appeared on the surface of
AGS cells more than the control to which no external
HNPs-1 was added (Fig. 4B). Moreover, the control
image also demonstrated that AGS cancer cells did not
directly secrete HNPs-1.

Fig. 5. Cytotoxic effect of HNPs-1 on AGS cells. Three concentra-
tions of HNPs-1, 10, 50 and 100 µg/ml, were added to the culture
medium. (A) A WST-1 assay was used to observe the cell num-
ber after treatment with HNPs-1. Results showed that adding over
50 µg/ml of HNPs-1 could dramatically inhibit AGS cell growth.
Meanwhile, 2% Triton X-100 were used as positive control and noth-
ing was added to the negative controls. In addition, an unrelated
peptide was also used as a control for the WST-1 assay. (B) Gastric
smooth muscle cells were used as a normal control to specify the
cytotoxicity of HNPs-1 toward AGS cells. Meanwhile, 200 µM of
5-FU was added to both AGS cells and gastric smooth muscle cells
(SMCs) to validate the specific inhibition of HNPs-1 for AGS cells.
**p < 0.01, ***p < 0.001.

By further investigating whether the antibacterial
peptide, HNPs-1, has the same function in tumor cells,
the inhibitory capacity of HNPs-1 was investigated in a
dose dependent manner. Figure 5A shows that HNPs-1
inhibited AGS cell growth in vitro in a dose-dependent
manner, and lysed some tumor cells (data not shown),
indicating that HNPs-1 had a cytotoxic effect on AGS
cells. Moreover, we specified the inhibitory ability of
HNPs-1 to AGS cells. Normal cell, gastric smooth
muscle cells (SMCs), were used, and 100 µg/ml of
HNPs-1 caused minimal effects on SMCs compared to
AGS cells (Fig. 5B), revealing that HNPs-1 exhibited
specific inhibition toward AGS cells.
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4. Discussion

This study identifies the expressions of HNPs 1-3 in
GC tissues on the same position correlated with each
other as upregulated biomarkers; moreover, elevated
neutrophils were also observed. To our knowledge,
HNPs 1-3 are single-chain cationic peptides that were
discovered to play critical roles in polymorphonuclear
leukocytes as antimicrobial components. A recent re-
port showed that HNPs 1-3 are overexpressed in many
solid tumors as cancer biomarkers,and also have the po-
tential to trigger cell death as antitumormolecules [12].
In this study, we verified that the HNPs 1-3 were cor-
related and had the potential to serve as diagnostic tis-
sue targets in GC patients. Moreover, the overlapping
character implies that this triad has common biological
functions in cancerous tissues and indicates the eleva-
tion of infiltrated neutrophils.

A previous study have showed that HNPs 1-3 are sig-
nificantly increased in gastric fluid of GC patients [13].
On the other hand, Isomoto and coworkers indicated
that HNPs 1-3 were associated with Helicobacter py-
lori infection [21]. Therefore, HNPs 1-3 may increase
due to elevated neutrophilswhich are recruited to infec-
tious tissues. Chronic inflammation is associated with
cancer development [22]. Recently, tumor-associated
neutrophils were reported to participate in tumor pro-
motion, progression, and metastasis [23,24]. Previous
reports showed that a high neutrophil-lymphocyte ratio
in the clinic can be used as a biomarker to predict poor
prognoses of various cancers [21,25–27], indicating
that the inflammatory situation in patients with a tumor
may recruit neutrophils and lead to a poor prognosis.
Herein, we demonstrated that neutrophils positively ac-
cumulated in GC tissues and may be used as a target
for a diagnosis. Therefore, targeting neutrophils may
be helpful for tumor diagnosis and therapy. A recent
study showed that using a CXCR2-specific antagonist
could reduce tumor growth in lung adenocarcinomasby
blocking neutrophil recruitment [28]. Based on our re-
search in this study, HNPs 1-3 combinedwith MALDI-
TOF MS can be used to rapidly detect infiltrated neu-
trophils in biopsy specimens to determine a therapeutic
strategy, such as using a neutrophil-specific inhibitor.
Moreover, an inflammatory imaging agent, such as
cFLFLFK-PEG-64Cu, used to target neutrophils can
specifically be used for tumor imaging [29].

With detection of HNPs-1 by MALDI-TOF MS, we
found that overexpressions of HNPs 1-3 were associ-
ated with the tumor stage (Table 1, Fig. 2F). The func-
tions of HNPs 1-3 appearing in cancerous tissues ur-

gently need to be revealed. Originally HNPs 1-3 were
believed to play substantial roles in innate immunity
against bacterial, fungal, and viral pathogens. In this
study, we directly utilized an in vitro binding assay to
discover the putative function of HNPs-1. We found
that HNPs-1 could bind to the surface of AGS cells, and
influenced the growth of AGS cells in vitro. These pri-
mary results demonstrate that HNPs-1 has the potential
to serve as a targeting probe and an antitumormolecule.
Although the cytotoxic effects were discovered in other
cancers [30–32], this is the first study to demonstrate
that HNPs-1 is associated with the cell growth of GC.
The real functions of HNPs 1-3 stimulate deep thought.
Lundy’s group indicated that the upregulation of HNPs
1-3 may primarily be produced from tumor-infiltrating
immune cells, including neutrophils [10]. In this study,
we found that HNPs 1-3 were abundantly located in
the lamina propria of cancerous tissues compared to
the gastric gland, implying that neutrophils may as-
semble in GC tissues and secrete HNPs 1-3. HNPs-1
probably inhibits angiogenesis by affecting cell prolif-
eration, adhesion, and migration [12]. In an in vivo
study of nude mice with human lung adenocarcinoma
xenografts, Xu and coworkers indicated that intracel-
lular HNPs-1 induced tumor cell apoptosis and inhib-
ited tumor growth [33]. In our case, we treated AGS
cells by adding 50 or 100 µg/ml HNPs-1 for 48 h, and
the results showed that both treatments inhibited cell
growth. However, presently the multiple functions of
HNPs-1-3 need to be revealed depending on the protein
concentration as opposite functions to exert cytotoxic
effects [34] or increase cell proliferation, motility and
invasiveness [8]. Moreover, the mechanism by which
GC cells accumulate and the receptor they interact with
HNPs 1-3 are a matter of speculation.

5. Conclusions

Overexpressed HNPs 1-3 were found in the cancer-
ous tissues in this present study,which directed elevated
neutrophils. HNPs 1-3 are considered to be potential-
ly significant biomarkers for the diagnosis and surveil-
lance of GC. This study identified the co-localization
and correlation of HNPs 1-3with high abundance in the
lamina propria of tumors, and determined the binding
capacity with GC cells in vitro. Our results suggest that
HNPs 1-3 and neutrophils can be used as diagnostic
targets and even as therapeutic drugs to develop nonin-
vasive diagnostic tools and improve the survival rate in
GC patients.
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