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ARTICLE INFO ABSTRACT

Keywords: Aims: The a-defensins or human neutrophil peptides (HNP 1-3) that exist in azurophilic granules are found to
Leukoreduction filters have anticancer activity. The pattern of disulfide bonds in a-defensins is crucial for the functional properties.
Defemir}s Therefore, synthesis using the chemical and recombinant approaches is a challenging. A safe source for the
]Aep‘:)l;?:;; production of a-defensins can be the use of leukoreduction filters in blood banks that contain large quantities of

neutrophils and are discarded after use. The aim of this study was to purify a-defensins from neutrophils trapped
in leukofilters and to investigate its anticancer activity.

Materials and methods: Immunoprecipitation was performed to purify a-defensins and the presence of protein
was confirmed by Western Blot. The Jurkat T-cell line was incubated with different concentrations (5, 10 and
15 pg/ml) of purified HNP1-3 for 16 h. Cell viability was measured using a WST-1 assay and apoptosis was
analyzed for Annexin V/PI markers. Caspase-3/7 activity was determined using fluorescence assay. The effects of
purified a-defensins were compared to commercial HNP 1-3.

Key findings: Purified HNP 1-3 decreased the viability at 10 and 15 ug/ml and commercial HNP 1-3 at 15 pg/ml
concentrations. Following to the purified HNP1-3 treatment, the percentage of Annexin V positive population
and caspase-3 activity were significantly increased compared to control (p = 0.000 and p = 0.001, respectively)
and commercial HNP1-3 (p = 0.034 and p = 0.018, respectively).

Significance: Results indicated the anticancer activity of HNP1-3 which can be used as future chemotherapeutic
drugs. Furthermore, leukofilters can be considered as economic source for purifying these peptides.

1. Introduction

Human a-defensins are small cationic antimicrobial peptides that
play an important role in host defense [1,2]. Up till now, six a-defensins
have been described in humans. They include the human neutrophil
peptides (HNP) 1, 2 and 3 which present in large amounts in neutrophil
azurophilic granules and differed from each other only in the first
amino acid [3]. A fourth defensin, termed HNP-4, comprises < 1% of
the total defensins in neutrophils and has a distinct sequence from
HNP1-3 [4]. The other two, human defensin 5 and 6, are synthesized
mostly by intestinal Paneth cells [5]. Neutrophil defensins (HNP 1-3) are
3.4 kDa peptides that are characterized by three disulfide bridges [6].
The pattern of disulfide bonds in the mature forms is crucial for the
functional properties. Due to this structural feature, synthesis of

defensins using the chemical and recombinant approach presents quite
a challenge. Moreover, purification from the natural source can be very
difficult because the large number of neutrophils is needed to obtain a
sufficient amount of protein [7]. Recently leukoreduction filters have
been introduced as a major source of producing natural HNP1-3 [8]. In
blood banks, leukofilters are used to remove leukocytes from blood
components in order to prevent some complications related to trans-
fusion [9,10]. Leukofilters contain high numbers of normal human cells
[8,11-17]. Since these filters are discarded after use, they represent an
economic source of neutrophils for purifying a-defensins. The purified
peptide is safe because each donation is screened for infectious agents.
On the other hand, a growing number of studies have demonstrated
that a-defensins display anticancer activity [18-21]. In recent years,
the possibility of using HNP-1 in cancer therapy gained much attention
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[22,23]. The exact functional mechanism of this peptide against cancer
cells has not yet been identified, but activity was confirmed for different
tumor cells, with no cytotoxicity against normal cells [19,20,24].
Moreover, inhibition of tumor growth by HNP1 and inducing apoptosis
in vivo have been reported [25,26]. Inhibition of tumor angiogenesis
could be another potential mechanism for the antitumor effect by HNP1
[25,27]. Such studies have considerably enhanced the significance of
these peptides. Therefore, the aim of the present study was to purify
human oa-defensins from neutrophils trapped in leukoreduction filters
and to investigate its anticancer activity.

2. Materials and methods
2.1. Leukoreduction filters

Blood bags from healthy donors were collected after written con-
sent. All donors were screened for infectious diseases (HBV, HCV and
HIV) and negative samples were included in the study. Blood bags (with
a volume of 450 ml) with a half-life of < 24 h were filtered at 22 °C by
gravity flow. Leukoflex LST-1 filters (Maco Pharma) are used by the
Iranian Blood Transfusion Organization (IBTO) to prepare leukor-
educed products. The cells were extracted from the filters by back-
flushing with a 70-mL syringe filled with cold phosphate buffered saline
(PBS), pH7.4, without MgCl2 and CaCl2 (Gibco), containing 5mM
EDTA and 2.5% sucrose. The PBS was homogenized with the filter
content and then collected in a sterile tube. Granulocytes were sepa-
rated from mononuclear cells by centrifugation through Ficoll
(Lymphodex, Inno-Train, Germany) at 400 X g for 30 min. After aspir-
ating mononuclear cells along with the supernatant, granulocytes were
collected. The cells were washed twice by low speed centrifugation
(300 x g for 10 min) in PBS 1 X in order to remove contaminating er-
ythrocytes. This left a pellet containing leukocytes, which consist
mostly of neutrophils. To increase the number of cells, three to five
LST1 filters were washed simultaneously and isolated neutrophils be-
came pooled. Viability of cells was estimated by trypan blue dye ex-
clusion.

2.2. Protein extraction

Isolated neutrophils resuspended in PBS 1 X at a concentration of
1 x 107 cells/ml. For degranulation, cells were stimulated with 100 nM
of formylmethionyl-leucyl-phenylalanine (fMLP; Sigma-Aldrich,
Germany) for 5 min followed by stimulation with 10 uM of cytochalasin
B (Sigma-Aldrich, Germany) for 5min. Supernatant was collected by
centrifugation at 200 x g for 6 min.

2.3. Purification of a-defensins using Immunoprecipitation

For purification of HNP 1-3, immunoprecipitation was performed
using pMacs Protein G Micro beads system (Milteny Biotec, Germany)
according to the user's manual. Briefly, supernatant obtained from de-
granulation of neutrophils, was incubated with 2 ug of mouse mono-
clonal antibody to HNP 1-3 (Hycult Biotechnology), and followed by
incubation for 30 min on ice with magnetically labeled protein G micro
beads. The mixture was passed over a separation column placed in the
magnetic field of a tMACS separator. Then the column was washed 4
times with “High Salt Washing Buffer”, then once with “Low Salt
Washing Buffer”. The defensins were retained within the uMACS
column while other proteins were removed by washing. This washing
fraction that was unbound proteins (not HNP 1-3) collected and was
used as the negative control in the next experiment. After that, the
immunoprecipitated defensins was eluted from the pMACS column
using elution buffer. The protein concentration was determined using
the Bradford protein assay [28]. Anti-bacterial activity of purified HNP
1-3 was also investigated using a standard protocol [29].
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2.4. Western Blot analysis

Purified HNP 1-3 obtained with each immunoprecipitation column
was analyzed by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and by subsequent western blot to confirm the
presence of protein. Purified HNP 1-3 were loaded on a 16% SDS-PAGE
at 110V for 2h and were transferred to polyvinylidene difluoride
(PVDF) membranes using a semi-dry system (Bio-Rad). The membrane
was incubated with blocking buffer containing 5% skim milk in PBS
overnight. After washing with PBS, the membrane was incubated with
diluted (1:100) monoclonal antibody to HNP 1-3 (Hycult
Biotechnology) at room temperature (RT) for 2 h. After an additional
PBS washing step, diluted (1:3000) goat anti-mouse IgG horseradish
peroxidase-conjugated antibody was added and the membrane was
incubated for 1 h. The final protein band was detected using the sub-
strate solution ECL (Abcam) and imaging with Chemi Doc (Bio-Rad,
Hercules, USA). The washing fractions obtained in immunoprecipita-
tion column that were unbound proteins (not HNP 1-3) used as the
negative control. Commercial HNP 1-3 (Hycult Biotechnology) was
used as the positive control.

2.5. Cell culture

Human T-cell acute lymphoblastic leukemia (Jurkat) was obtained
from the Iranian Biological Resource Center (IRBC, Iran). The cells were
cultured in RPMI-1640 medium supplemented with 10% heat-in-
activated fetal bovine serum (FBS), 1% penicillin-streptomycin and
incubated at 37 °C in a humidified incubator with 5% CO2.

2.6. Cell viability assay

Jurkat T-cells were plated in 96-well polypropylene micro plates
(2 x 10* cells/well) and treated with various concentrations (5, 10 and
15 pg/ml) of purified HNP 1-3 in serum-free medium. After incubation
for 16 h, the viability of the cancer cells was measured using the WST-1
cell proliferation assay kit (Cayman Chemical Company) according to
the manufacturer's protocol. The cytotoxic effects of purified a-de-
fensins were compared to commercial HNP 1-3 (Hycult Biotechnology).
Untreated cells were used as negative controls. Optical density was
measured at 450 nm with a micro plate reader. The percentage of cell
viability (%) was determined as: (OD treated group/OD control
group) X 100.

2.7. Annexin V/propidium iodide (PI) staining

Jurkat cells were exposed to appropriate concentration of purified
and commercial HNP 1-3 in serum-free medium for 16 h and subse-
quently analyzed by flow cytometry (FACS Calibur, BD Biosciences).
Apoptosis was determined using the Bio Legend's FITC Annexin V
Apoptosis Detection Kit with PI according to the manufacturer's in-
structions.

2.8. Caspase 3 activity assay

Caspase-3 activity was measured using a fluorescence assay kit
(Cayman Chemical Company) according to the manufacturer's instruc-
tions. Fluorescence was measured at excitation 485 nm and emission
535 nm using a micro plate reader (Synergy HT, Bio-Tek Instruments,
USA).

2.9. Statistical analysis

Data was analyzed for statistical difference by the student's t-test for
paired samples or one way ANOVA and differences were considered
significant when P < 0.05. The data represents the mean = SD of
three independent experiments.
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Fig. 1. Western blot analysis of purified HNP 1-3: The presence of defensins at
the expected masses (3.4 kDa) was detected in the eluates (Lanes 2 and 4). The
washing fractions obtained in immunoprecipitation column that were unbound
proteins (not HNP 1-3) used as the negative control (Lane 1). Commercial HNP
1-3 (Hycult Biotechnology) was used as the positive control (Lane 3). 500 ng of
protein were loaded for each lane.

3. Results
3.1. Purification of HNP 1-3 from LST-1 filters

After isolation of neutrophils from LST-1 filters, the purification of
HNP 1-3 was performed by immunoprecipitation. Each obtained eluate
was analyzed by Western Blot and the presence of the 3.4 kDa band was
detected, that corresponded to the size of the HNP 1-3 (Fig. 1). The
amount of obtained protein was differed according to the number of
used filters and was approximately 7-15 pug/ml in different runs. Results
also showed the purified HNP 1-3 had bactericidal activity.

3.2. HNP1-3 is cytotoxic to Jurkat cells

The cytotoxicity of purified and commercial HNP 1-3 (5, 10 and
15 pug/ml) on Jurkat cells was evaluated by WST-1 cell viability assays
during 16 h. As shown in Fig. 2, purified HNP 1-3 decreased the via-
bility at 10 and 15 pg/ml and commercial HNPs 1-3 at 15 pg/ml con-
centrations. In the subsequent experiments, we used a concentration
that caused a percentage of cell death over 50%, corresponding to
15 pug/ml of purified and commercial HNP 1-3. For the rest of experi-
ments we used this concentration for comparison of apoptotic effects.

100
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>
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0_ 1 1 1 1

Control 5 10 15 5 10 15 pg/ml

Purified HNP1-3 Commercial HNP 1-3

Fig. 2. The effect of purified and commercial HNP 1-3 on Jurkat cell viability.
Cells were treated with different concentrations (5, 10 and 15 pg/ml) of HNP
1-3 for 16 h and cell viability was measured by the WST-1 assay. Data is pre-
sented as the means = SD of three independent experiments. The statistical
analysis was carried out using Student's t-test for paired samples and differences
were considered significant when p < 0.05.
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3.3. HNP1-3 induces apoptosis in Jurkat cells

Following to the purified HNP1-3 treatment, the percentage of the
Annexin V positive population (Annexin V*/PI~ and Annexin V*/PI ")
was significantly increased compared to control (p = 0.000) and com-
mercial HNP 1-3 (p = 0.034). Furthermore, the percentage of Annexin
V/PI positive population (dead cells) was increased after treatment by
commercial peptide compared to control (p = 0.000) and purified
HNP1-3 (p = 0.01) (Fig. 3).

3.4. HNP1-3 activates caspase-3/-7

Incubation of Jurkat cells with 15 pg/ml of purified HNPs 1-3 re-
sulted in increased caspase-3/-7 activity after 16 h compared to control
(p = 0.001) and commercial HNP 1-3 (p = 0.018) (Fig. 4).

4. Discussion

American Association of Blood Banks (AABB) standards define a
leukoreduced product with residual leukocyte content < 5 X 10° [30].
The different leukofilters are used in routine blood banking to prepare
these products such as Compoflex T3908 (Fresenius Hemocare), Leu-
koflex LST-1 (MacoPharma), Leukotrap WBF-3 (Pall Medical), Optipure
RZ 2000 (Baxter) and Immugard III (Terumo Penpol) [31-33]. Blood
banks produce thousands of leukofilters that are discarded annually.
Therefore, these filters can be used with no cost.

In the present study, we used LST-1 filters as the source of neu-
trophils for purification of a-defensins. The purified protein by im-
munoprecipitation method was analyzed by western blot and the pre-
sence of protein was confirmed. Then, to investigate its anticancer
activity, we tested the effect of purified HNP1-3 on cell viability in
Jurkat leukemia at concentrations of 5, 10 and 15pg/ml. This con-
centration range was chosen, because is in line with the range of con-
centrations of HNP1-3 that used in different tumors to evaluate its
anticancer activity [21,34,35]. Results indicated that purified HNP 1-3
decreased the viability at 10 and 15 ug/ml concentrations. Apoptosis
was measured by flow cytometry to determine the percentage of cells in
viable (Annexin V/PI double-negative), early apoptotic (Annexin V
positive and PI negative), late apoptotic (Annexin V/PI double-posi-
tive), and necrotic (Annexin V negative and PI positive) stages. The
percentage of apoptotic cells was determined by adding Annexin V
positive cells (early apoptotic) to Annexin V/PI positive ones (late
apoptotic) [36-38]. To verify the stages of apoptosis, additional
methods such as caspase assays are necessary. Caspase 3 is the main
effector caspase that is involved in both external and internal apoptosis
pathways [38,39]. Our finding showed following to the purified
HNP1-3 treatment, the percentage of Annexin V positive cells and ac-
tivation of caspase-3/7 were significantly increased compared to con-
trol. In addition, we found that the anti-cancer activity of natural de-
fensins is better than commercial peptide. To our knowledge,
assessment of anticancer activity of purified HNP 1-3 from leukor-
eduction filters has not reported before. Therefore, we think purifica-
tion of these peptides from LST-1 filters and evaluation its anticancer
activity is our novelty.

A recent research in Franc has also shown that neutrophils trapped
in leukofilters can be a good source for direct purification of the natural
defensins [8]. Leukocyte filtration was performed using TACSI system
(Terumo BCT) and the authors were reported a mean production of
10 ug of HNP 1-3 per filter with high antimicrobial activity in com-
parison to commercial peptide. TACSI system (Terumo Automated
Centrifuge & Separator Integration) allows obtaining six leukoreduced
pooled platelet concentrates (PPC) in one run from a pool of buffy coats
[40]. Using this automated device, a large number of neutrophils are
trapped. However, this device is not available in all blood centers. Each
LST-1 filter that used in the present study, reduce leukocytes of a single
unit of whole blood. Therefore, to obtain large numbers of neutrophils,
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Fig. 3. The effect of purified and commercial HNP 1-3 on the induction of apoptosis in Jurkat cells after 16 h of treatment by 15 pg/ml of HNP1-3, as determined by
flow cytometry using annexin V-FITC/PI staining (A), Percentage of apoptotic cells (early + late apoptotic cells) following to the treatment with HNP 1-3 in serum-
free medium (B). The statistical analysis was carried out using one-way ANOVA test followed by Tuckey's multiple comparisons test. Values are compared between
treated (by purified HNP1-3 or commercial HNP1-3) and untreated cells and each bar represent the mean + SD of experiments. Differences were considered

significant when p < 0.05.
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Fig. 4. The effect of HNP1-3 on caspase-3/-7 activation in Jurkat cells after
16 h of treatment by 15 ug/ml of HNP1-3. Data represented as relative fluor-
escence unit (RFU) per microgram of protein (RFU/ug protein). The statistical
analysis was carried out using one-way ANOVA test followed by Tuckey's
multiple comparisons test. Values are compared between treated (by purified
HNP1-3 or commercial HNP1-3) and untreated cells and each bar represent the
mean * SD of experiments. Differences were considered significant when
p < 0.05.

required for purification of a-defensins, we used several filters con-
comitantly and isolated neutrophils became pooled. Moreover, avail-
able commercial leukoreduction filters differ in physical design, the
technology used to trap leukocytes and reduction efficiency [41,42]. In
another study, Mattar et al. [24] revealed that natural a-defensins (HNP
1 to 4) purified from human neutrophils have strong anti-HCV activity
while synthetic defensins can reach similar anti-viral potential at higher
concentration. These differences in activity between natural and com-
mercial types can be due to several reasons such as the method used for
purification, the presence of nonspecific contaminants with the com-
mercial peptides and the requirement of the presence HNP 1, 2 and 3 as
a mixture [8].

Previous studies have also reported that HNP1-3 is cytotoxic to a
variety of tumor cells which is consistent with the results of the present
study [18,19,21]. In a study by Aarbiou et al. [18] purified HNP 1-3
from purulent sputum neutrophils of a patient with chronic obstructive
pulmonary disease (COPD) was induced cell death at 25ug/ml con-
centrations after incubation for 16 h in serum-free medium. PI/Annexin
V double positive cells and caspase-3/-7 activity were increased at
50 pg/ml concentrations. In a study by Lu et al. [43] Jurkat cells were
exposed to the synthetic human Defensin 5 (HD-5) at concentrations of
5, 10 or 25ug/ml in serum-free medium. Results showed that HD-5
induces apoptosis at 25 pg/ml concentration after 16 h in a caspase-8-
dependent manner. Liu et al. [21] found apoptotic changes in the lung
epithelial cells with treatment of moderate and high concentrations (10
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and 20 pg/ml) of synthetic a-defensin-1 and this apoptotic process was
caspase-3-dependent. The findings of a study by Xu et al. [25] indicated
that cell apoptosis mediated by HNP1 may provide a potential use of
this peptide as a sensitizer for cancer chemotherapy by promoting pe-
netration of chemotherapeutic drugs into the tumor cells. Furthermore,
LI et al. [26] found that intratumoral expression of HNP1 can sig-
nificantly improve the therapeutic efficacy of doxorubicin in breast
cancer.

In conclusion, these peptides with anticancer activity can be used
for clinical application in the future. The development of defensins as
therapeutic products requires access to a steady supply of neutrophils.
Our results indicated that LST-1 filters are economical source for pur-
ifying a-defensins.

Acknowledgement

This study was the result of a post-doctoral thesis. We would like to
thank Blood Transfusion Research Center, High Institute for Research
and Education in Transfusion Medicine, Tehran, Iran, for financially
supporting the study.

Disclosures

This manuscript has been read and approved by all authors. This
paper is unique and is not under consideration by any other publication
and has not been published elsewhere. All authors contributed ex-
tensively to the work presented in this paper.

Conflict of interest

The authors declare that there are no conflicts of interest.
Funding

None.
Author contributions

1- Study concept and design: Ali Akbar Pourfathollah.

2- Data acquisition: Shirin Ferdowsi, Fatemeh Amiri, Mohammad
Hessam Rafiee, and Afsaneh Aghaei.

3- Analysis and interpretation of data: Shirin Ferdowsi and Fatemeh
Amiri.

4- Drafting of the manuscript: Ali Akbar Pourfathollah and Shirin
Ferdowsi.

5- Critical revision of the manuscript for important intellectual con-
tent: Ali Akbar Pourfathollah, and Shirin Ferdowsi.

References

[1] P. Dutta, S. Das, Mammalian antimicrobial peptides: promising therapeutic targets
against infection and chronic inflammation, Curr. Top. Med. Chem. 16 (2016)
99-129.

M. Suarez-Carmona, P. Hubert, P. Delvenne, M. Herfs, Defensins: “simple” anti-
microbial peptides or broad-spectrum molecules? Cytokine Growth Factor Rev. 26
(2015) 361-370.

S.C. Mansour, O.M. Pena, R.E. Hancock, Host defense peptides: front-line im-
munomodulators, Trends Immunol. 35 (2014) 443-450.

A. Szyk, Z. Wu, K. Tucker, D. Yang, W. Lu, J. Lubkowski, Crystal structures of
human a-defensins HNP4, HD5, and HD6, Protein Sci. 15 (2006) 2749-2760.

T. Ganz, Defensins: antimicrobial peptides of innate immunity, Nat. Rev. Immunol.
3(2003) 710.

F. Niyonsaba, I. Nagaoka, H. Ogawa, Human defensins and cathelicidins in the skin:
beyond direct antimicrobial properties, Crit. Rev. Immunol. 26 (2006).

M. Pazgier, X. Li, W. Lu, J. Lubkowski, Human defensins: synthesis and structural
properties, Curr. Pharm. Des. 13 (2007) 3096-3118.

L. Vossier, F. Leon, C. Bachelier, H. Marchandin, S. Lehmann, J.P. Leonetti,

K. Brodolin, J. Coste, C. Fournier-Wirth, An innovative biologic recycling process of
leukoreduction filters to produce active human antimicrobial peptides, Transfusion
54 (2014) 1332-1339.

[2]

[3]
[4]
[5]
[6]
[71
(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Life Sciences 224 (2019) 249-254

Y. Kim, B. T. Xia, A. L. Chang, T. A. Pritts, Role of leukoreduction of packed red
blood cell units in trauma patients: a review, Int. J. Hematol. Res. 2 (2016) 124.
M. Bianchi, S. Vaglio, S. Pupella, G. Marano, G. Facco, G.M. Liumbruno, G. Grazzini,
Leucoreduction of blood components: an effective way to increase blood safety?
Blood Transfus. 14 (2016) 214.

G. Boudreau, C. Carli, C. Lamarche, C. Rulleau, G. Bonnaure, S. Néron, J. Delisle,
Leukoreduction system chambers are a reliable cellular source for the manu-
facturing of T-cell therapeutics, Transfusion (2018) 1-12.

A. Wegehaupt, E. Roufs, C. Hewitt, M. Killian, O. Gorbatenko, C. Anderson,

M. Killian, Recovery and assessment of leukocytes from LR express filters,
Biologicals (2017) 15-22.

Y. Peytour, A. Villacreces, J. Chevaleyre, Z. Ivanovic, V. Praloran, Discarded leu-
koreduction filters: a new source of stem cells for research, cell engineering and
therapy? Stem Cell Res. 11 (2013) 736-742.

LA. Pfeiffer, E. Zinser, E. Strasser, M.F. Stein, J. Dorrie, N. Schaft, A. Steinkasserer,
I. Knippertz, Leukoreduction system chambers are an efficient, valid, and economic
source of functional monocyte-derived dendritic cells and lymphocytes,
Immunobiology 218 (2013) 1392-1401.

LK. Nordgren, Leukoreduction system chambers provide a valuable source of
functional monocytes for the monocyte activation test by comparison with inter-
nationally validated methods, J. Immunol. Methods 428 (2016) 42-49.

Y. Peytour, A. Guitart, A. Villacreces, J. Chevaleyre, F. Lacombe, Z. Ivanovic,

V. Praloran, Obtaining of CD34 + cells from healthy blood donors: development of
a rapid and efficient procedure using leukoreduction filters, Transfusion 50 (2010)
2152-2157.

M.M. Tremblay, J.C. Houtman, TCR-mediated functions are enhanced in activated
peripheral blood T cells isolated from leucocyte reduction systems, J. Immunol.
Methods 416 (2015) 137-145.

J. Aarbiou, G. Tjabringa, R. Verhoosel, D. Ninaber, S. White, L. Peltenburg, K. Rabe,
P. Hiemstra, Mechanisms of cell death induced by the neutrophil antimicrobial
peptides a-defensins and LL-37, Inflamm. Res. 55 (2006) 119-127.

D. Gaspar, J.M. Freire, T.R. Pacheco, J.T. Barata, M.A. Castanho, Apoptotic human
neutrophil peptide-1 anti-tumor activity revealed by cellular biomechanics,
Biochim. Biophys. Acta, Mol. Cell Res. 1853 (2015) 308-316.

S.T. McKeown, F.T. Lundy, J. Nelson, D. Lockhart, C.R. Irwin, C.G. Cowan,

J.J. Marley, The cytotoxic effects of human neutrophil peptide-1 (HNP1) and lac-
toferrin on oral squamous cell carcinoma (OSCC) in vitro, Oral Oncol. 42 (2006)
685-690.

C.-Y. Liu, H.-C. Lin, C.-T. Yu, S.-M. Lin, K.-Y. Lee, H.-C. Chen, C.-L. Chou, C.-

D. Huang, P.-C. Chou, W.-T. Liu, The concentration-dependent chemokine release
and pro-apoptotic effects of neutrophil-derived a-defensin-1 on human bronchial
and alveolar epithelial cells, Life Sci. 80 (2007) 749-758.

M. Nishimura, Y. Abiko, Y. Kurashige, M. Takeshima, M. Yamazaki, K. Kusano,
M. Saitoh, K. Nakashima, T. Inoue, T. Kaku, Effect of defensin peptides on eu-
karyotic cells: primary epithelial cells, fibroblasts and squamous cell carcinoma cell
lines, J. Dermatol. Sci. 36 (2004) 87-95.

J. Varkey, R. Nagaraj, Antibacterial activity of human neutrophil defensin HNP-1
analogs without cysteines, Antimicrob. Agents Chemother. 49 (2005) 4561-4566.
E.H. Mattar, H.A. Almehdar, V.N. Uversky, E.M. Redwan, Virucidal activity of
human a-and B-defensins against hepatitis C virus genotype 4, Mol. BioSyst. 12
(2016) 2785-2797.

N. Xu, Y.-s. Wang, W.-b. Pan, B. Xiao, Y.-j. Wen, X.-c. Chen, L.-j. Chen, H.-x. Deng,
J. You, B. Kan, Human a-defensin-1 inhibits growth of human lung adenocarcinoma
xenograft in nude mice, Mol. Cancer Ther. 7 (2008) 1588-1597.

D. Li, Q. Qin, X.-Y. Wang, H.-S. Shi, M. Luo, F.-C. Guo, W. Wang, Y.-S. Wang,
Intratumoral expression of mature human neutrophil peptide-1 potentiates the
therapeutic effect of doxorubicin in a mouse 4T1 breast cancer model, Oncol. Rep.
31 (2014) 1287-1295.

Y.-s. Wang, D. Li, H.-s. Shi, Y.-j. Wen, L. Yang, N. Xu, X.-c. Chen, X. Chen, P. Chen,
J. Li, Intratumoral expression of mature human neutrophil peptide-1 mediates an-
titumor immunity in mice, Clin. Cancer Res. 15 (2009) 6901-6911.

M.M. Bradford, A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding, Anal. Biochem.
72 (1976) 248-254.

1. Wiegand, K. Hilpert, R.E. Hancock, Agar and broth dilution methods to determine
the minimal inhibitory concentration (MIC) of antimicrobial substances, Nat.
Protoc. 3 (2008) 163.

J. Roback, M. Combs, B. Grossman, C. Hillyer, American Association of Blood Banks
Technical Manual, vol. 376, American Association of Blood Banks, Bethesda, MD,
2008, p. 471.

A.S.L. Col, AK. sm Brig, S.J.R.L. Col, Comparative study of predeposit and bedside
leucodepletion filters, Med. J. Armed Forces India 66 (2010) 142-146.

T. Meyer, L. Zehnter, B. Hofmann, J. Zaisserer, J. Burkhart, S. Rapp, F. Weinauer,
J. Schmitz, W. Illert, Filter Buffy Coats (FBC): a source of peripheral blood leuko-
cytes recovered from leukocyte depletion filters, J. Immunol. Methods 307 (2005)
150-166.

J. Ménninghoff, R. Moog, Investigation of a new in-line leukocyte reduction filter
for packed red blood cells, Transfus. Apher. Sci. 46 (2012) 253-256.

C. Chen, J. Hu, P. Zeng, F. Pan, M. Yaseen, H. Xu, J.R. Lu, Molecular mechanisms of
anticancer action and cell selectivity of short a-helical peptides, Biomaterials 35
(2014) 1552-1561.

A.A. Musrati, T. Tervahartiala, M. Giirsoy, E. Kénonen, D. Fteita, T. Sorsa, V.-

J. Uitto, U.K. Giirsoy, Human neutrophil peptide-1 affects matrix metalloproteinase-
2, -8 and-9 secretions of oral squamous cell carcinoma cell lines in vitro, Arch. Oral
Biol. 66 (2016) 1-7.

L. Span, A. Pennings, G. Vierwinden, J. Boezeman, R. Raymakers, T. De Witte, The


http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0005
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0005
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0005
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0010
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0010
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0010
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0015
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0015
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0020
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0020
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0025
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0025
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0030
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0030
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0035
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0035
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0040
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0040
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0040
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0040
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0045
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0045
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0050
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0050
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0050
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0055
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0055
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0055
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0060
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0060
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0060
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0065
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0065
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0065
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0070
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0070
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0070
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0070
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0075
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0075
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0075
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0080
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0080
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0080
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0080
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0085
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0085
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0085
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0090
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0090
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0090
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0095
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0095
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0095
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0100
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0100
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0100
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0100
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0105
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0105
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0105
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0105
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0110
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0110
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0110
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0110
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0115
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0115
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0120
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0120
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0120
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0125
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0125
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0125
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0130
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0130
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0130
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0130
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0135
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0135
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0135
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0140
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0140
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0140
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0145
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0145
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0145
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0150
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0150
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0150
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0155
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0155
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0160
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0160
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0160
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0160
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0165
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0165
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0170
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0170
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0170
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0175
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0175
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0175
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0175
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0180

S. Ferdowsi, et al.

[37]

[38]

[39]

dynamic process of apoptosis analyzed by flow cytometry using annexin-V/propi-
dium iodide and a modified in situ end labeling technique, Cytometry 47 (2002)
24-31.

1. Vermes, C. Haanen, C. Reutelingsperger, Flow cytometry of apoptotic cell death,
J. Immunol. Methods 243 (2000) 167-190.

E. Brauchle, S. Thude, S.Y. Brucker, K. Schenke-Layland, Cell death stages in single
apoptotic and necrotic cells monitored by Raman microspectroscopy, Sci. Rep. 4
(2014) 4698.

C.M. Henry, E. Hollville, S.J. Martin, Measuring apoptosis by microscopy and flow
cytometry, Methods 61 (2013) 90-97.

[40]

[41]
[42]

[43]

Life Sciences 224 (2019) 249-254

F. Bidet, R. Biset, I. De Neve, M. Imholz, M. Hirabuki, W. Mertens, K. Nackaerts, A
step further in innovation with the Tacsi whole blood platform: internal validation
of expected features and benefits of A full automated blood component processing
machine: p-656, Vox Sang. 103 (2012) 269.

A. Bruil, T. Beugeling, J. Feijen, W.G. van Aken, The mechanisms of leukocyte re-
moval by filtration, Transfus. Med. Rev. 9 (1995) 145-166.

T. Lane, Leukocyte depletion of cellular blood components, Curr. Opin. Hematol. 1
(1994) 443-451.

W. Lu, E. de Leeuw, Functional intersection of human defensin 5 with the TNF
receptor pathway, FEBS Lett. 588 (2014) 1906-1912.


http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0180
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0180
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0180
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0185
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0185
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0190
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0190
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0190
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0195
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0195
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0200
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0200
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0200
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0200
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0205
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0205
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0210
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0210
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0215
http://refhub.elsevier.com/S0024-3205(19)30243-7/rf0215

	Evaluation of anticancer activity of α-defensins purified from neutrophils trapped in leukoreduction filters
	Introduction
	Materials and methods
	Leukoreduction filters
	Protein extraction
	Purification of α-defensins using Immunoprecipitation
	Western Blot analysis
	Cell culture
	Cell viability assay
	Annexin V/propidium iodide (PI) staining
	Caspase 3 activity assay
	Statistical analysis

	Results
	Purification of HNP 1–3 from LST-1 filters
	HNP1–3 is cytotoxic to Jurkat cells
	HNP1–3 induces apoptosis in Jurkat cells
	HNP1–3 activates caspase-3/-7

	Discussion
	Acknowledgement
	Disclosures
	Conflict of interest
	Funding
	Author contributions
	References




