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ABSTRACT

Chemotherapy continues to be the standard treatment for advanced or metastasized cancer. However,
commonly used chemotherapeutic agents may induce damage in healthy cells and tissues. Thus, in recent
years, there has been an increased focus on the development of new, efficient anticancer drugs exhibiting
low toxicity and that are not affected by mechanisms of chemoresistance.

In the present work, we tested synthetic and naturally obtained human salivary peptides against
breast, prostate, colon, osteosarcoma and bladder cancer cell lines (T47-D, PC-3, HT-29, MG63, T-24,
respectively).

Results have showed that there is a reduced cell population increase that is peptide-, cell- and possibly
pathway-specific, with the most potent effect observed in observed in T-47D breast cancer cells. Protein
expression and microscopy results further indicate that, in this cell line, the peptide with the sequence
GPPPQGGRPQG (GG peptide) interferes with the ability of cell adhesion proteins to stabilize adherens
junctions, such as E-cadherin, leading to apoptosis. These promising results encourage future works

aimed at disclosing the vast potential of salivary peptides as new therapeutic agents.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Cancer retains high morbidity and mortality rates, despite the
remarkable advances in treatment observed in recent year [12].
Although localized cancers may be successfully treated resort-
ing to radiation therapy [18] and/or surgery [32], chemotherapy
is the standard treatment for advanced or metastasized cancer.
Nonetheless, commonly used chemotherapeutic agents, such as
doxorubicin and cisplatin, inadvertently induce damage in healthy
cells and tissues, resulting in numerous deleterious side-effects
[16]. Additionally, some cancer cells may be quiescent, or show
slow proliferation rate and, thus, are refractory to the cytotoxic
effect of chemotherapeutic drugs acting at the DNA synthesis
level [31]. Cancer cell adaptations that culminate in the increased
expression of drug detoxifying enzymes and the activation of pro-
survival pathways may also occur [21]. Consequently, there is an
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increasing demand need for the development of a new class of anti-
cancer drugs that do not exhibit the toxicity of commonly used
chemotherapeutic agents and that are not affected by mechanisms
of chemoresistance.

Inrecent years, there has been an increasing interest in the anti-
bacterial, anti-viral and anti-tumoral activities of a wide range of
peptides [2,23,30]. These include synthetic peptides [20], naturally
occurring peptides of the human immune system [35] and modified
natural peptides [6]. In human saliva, there are numerous defense
peptides that are involved in both innate and acquired immune
response [14]. Although many of these molecules are present in
low concentrations in the saliva, they often exert synergistic and/or
cumulative effects, resulting in the rather efficient defense network
of the oral cavity [15]. The salivary proteome is, however, quite
complex, with more than 000 proteins already described [1]. Fur-
ther research is still necessary for a better understanding of the
mechanisms of action of salivary peptides as anti-microbial [11]
and - possibly due to their immunomodulatory effects - as anti-
tumoral agents.

Although research has blossomed aiming at determining the
anti-tumoral properties and potential of antimicrobial peptides,
these peptides are commonly obtained from multiple species, such
as Sus domesticus (pig) [3], Rana chensinensis (Chinese brown frog)
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Table 1
Sequence of the tested peptides.

Peptide Amino acid sequence Uniprot; AA position
GG GPPPQGGRPQG PRPC_HUMAN_131-150
KY KRKFHEKHHSHRGY HIS3_HUMAN_30-43
RQ RFGYGYGPYQPVPEQPLYPQ STAT-HUMAN_32-52
DR DSSEEKFLR STAT_-HUMAN_20-28
Hist DSHAKRHHGYKRKFHEKHHSHRGY HIS3_.HUMAN_20-43
F61 SPPGKPQGPPQQEGNNPQGPPPPAGGNPQQPQAPPAGQPQGPPRPPQGGRPSRPPQ PRB2_HUMAN_361-416
F64 MKFFVFALVLALMISMISADSHEKRHHGYRRKFHEKHHSHREFPFYGDYGSNYLYDN HIS1.-HUMAN
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Fig. 1. RP-HPLC analysis of salivary proteins/peptides precipitated with TFA 0.2%. The gradient profile is shown. Arrows indicate the time points corresponding to the fractions

chosen for subsequent studies, based on the MALDI-TOF/TOF analyses.

[33], Xenopus laevis (African clawed frog) [9], among others [22,28].
However, little research has been carried out on human antimicro-
bial peptides, with the exception of a handful of studies [26,37].

Thus, the aim of our work was to identify and isolate different
human salivary peptides and test their potential anti-tumorigenic
effect on a panel of cancer cell lines by analyzing how they affect
cell proliferation, apoptosis and adhesion. These peptides showed
different efficiency and selectivity which highlights the potential
new trove of discoveries that lies within human salivary peptides
and their possible use as therapeutic anti-tumoral agents.

2. Materials and methods
2.1. Chemicals and reagents

Acetonitrile (ACN) was HPLC grade quality and acquired from
VWR (Radnor, USA). All other general reagents, such as trifluo-
racetic acid (TFA), zinc chloride and a-cyano-hydroxycinnamic acid
were purchased from Sigma-Aldrich (St. Louis, USA). Reagents for
western blot were obtained from BioRad (Hercules, USA). RPMI
1640 medium, fetal bovine serum (FBS) and antibiotics were from
Life Technologies (New York, USA). Anti-Bax (sc-493) and anti-
AIF (apoptosis-inducing factor)(sc-13116) and anti-Bcl2 antibodies
were from Santa Cruz Biotechnology (Texas, USA). Anti-cMyc
(NB600-302) antibody was purchased from Novus Biologicals (Lit-
tleton, USA) and anti-caspase 3 cleaved from Calbiochem (Billerica,
USA).

2.2. Peptides

2.2.1. Synthetic peptides

Synthetic peptides were obtained from Proteogenix (custom-
made by ProteoGenix, France, >95% purity), dissolved in ultrapure
water and kept at —80 °C until further use, yielding stock solutions
of 1mgmL~1. Table 1 highlights the sequence of the peptides used

in the present study. These were selected based on previous studies
underlining their abundance in human saliva [8,15].

2.2.2. Salivary peptides

Salivary peptides were obtained as follows. Saliva was collected
from multiple donors after their informed consent. All subjects
showed good oral health and hygiene and did not exhibited signs
of oral inflammations or other conditions. Additionally, saliva col-
lections took place after a minimum of 30 min after the last meal.
Whole saliva (WS) was collected by passive drooling and kept on
ice. Then, WS was centrifuged at 14,000 x g for 30 min at4°C(Sigma
2-16KC). The supernatant was collected and kept at —80°C until
further use.

Proteins and peptides present in WS were purified using the TFA
precipitation method described by Helmerhorst and collaborators
[19]. Briefly, equal volumes of pooled saliva from multiple donors
were mixed with TFA 0.2% (1:1) and magnetically stirred for 2 min.
Thereafter, the precipitate was collected by centrifugation in the
same conditions as mentioned above. Following centrifugation, the
precipitate was freeze-dried and kept at —80°C. Later, the freeze-
dried sediments were weighted (Radwag 220/C/2) and, typically,
5 mg were dissolved in 1 mL of 2% TFA. Non-dissolved matter was
removed by centrifugation, as described. Finally, supernatant was
analyzed by reversed-phase high performance liquid chromatogra-
phy (RP-HPLC) on a preparative C-12 column connected to a Gilson
305HPLC device equipped with a UV-vis detector. Peptides were
eluted at a flow rate of 1.5mLmin~! and using a gradient gener-
ated from buffer A (0.1% TFA) and buffer B (80% acetonitrile, 0.1%
TFA). The gradient consisted in the following steps: 0-3 min: 95%
buffer A; 3-13 min: 95-85% buffer A; 13-45 min: 85-45% buffer
A; 45-50 min: 45-20% buffer A; 50-55 min: 20-95% buffer A and
55-60 min: 95% buffer A. Absorbance was monitored at 219 nm
and fractions were collected using an automated fraction collec-
tor with intervals of 30s. Collected fractions were then dried in a
speedvac (Thermo Savant SC210A) and re-suspended in ACN 50%
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Fig. 2. Peptide mass fingerprints of fractionated samples from RP-HPLC of human saliva TFA-precipitated peptides/proteins. Fingerprints were obtained by MALDI-TOF-MS
analyses. The peptide with m/z 5573 &2 Da corresponds to IB4 and m/z 4925.73 + 2 corresponds to histatin 1. These fractions were chosen for the subsequent cytotoxicity
studies.
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and TFA 0.1% for MALDI-TOF analyses. Peptide concentration was
estimated using TNBSA method (Life Tecnhologies) following the
manufacturer instructions. Briefly, 0.25 mL of the 0.01% TNBSA was
added to 0.5 mL of each sample and incubated at 37 °C for 2 h. Then,
0.25mL of 10% SDS and 0.125mL of 1N HCI was added to each
sample. Absorbance was measured at 335 nm.

2.3. Mass spectrometry

Samples were prepared for mass spectrometry (MS) analyses
by mixing the different re-suspended fractions (1:1) with a matrix
consisting of a saturated solution of a-cyano-4-hydroxycinnamic
acid in ACN 50% and TFA 0.1%. An aliquot of 1 L was placed directly
onto a MALDI plate and allowed to dry at room temperature. MS
was carried out using a MALDI-TOF/TOF mass spectrometer (4800
Proteomics Analyzer, Applied Biosystems) in middle mass mode.
MS data were processed using the Data Explorer Software (Version
4.4, Applied Biosystems).

2.4. Cell lines and cytotoxicity assays

Human breast cancer cell line T-47D [36], prostate cancer cell
line PC-3 [29], colon cancer cell line HT-29 [25], osteosarcoma
MG63 cell line [4] and bladder cancer cell line T-24 [17] were
maintained in RPMI 1640 medium supplemented with 10% (v/v)
fetal bovine serum (FBS) penicillin and streptomycin at 37°C in a
humidified atmosphere of 5% CO,. Cells were seeded in Nunc 96-
well plates (Thermo Scientific, Whalthman, USA) at a density of
approximately 3 x 10 cellsmL~!. After 24 h, the cells were treated
with increasing concentrations (5, 50 and 500 wM) of the different
studied peptides in quadruplicate. Growth medium was used as the
negative control. As positive control, acridone (Acri40), a demon-
strated cytotoxic agent in different cancer cell lines [34], was used.
The effect of the peptides on cell viability was assessed resorting
to the PrestoBlue® method according to the manufacturer proto-
col (Life Technologies), which measures cell viability as a function
of mitochondrial reductase activity. Cells were incubated with the
peptides for 48 h thereafter, medium was changed for fresh one and
incubation proceeded for additional 24 h and absorbance at 570 nm
and 600 nm was read periodically every 30 min up to 7 h. Values for
the bar graph were taken in the linear range.

2.5. Protein extraction and Western blotting analysis

Cells were grown in 150 mm diameter tissue culture dishes
(ThermoScientific, USA) and treated independently with 500 uM
of each peptide for 48 h. Thereafter, cells were lysed with 250 mM
HEPES (pH 7.4), 25 mM CHAPS and 25 mM DTT buffer and placed
in ice for 25min. Cell debris was removed by centrifugation
at 14,000 x g, for 10 min, at 4°C. Total protein was quantified
using RC-DC protein assay (BioRad, USA), following the manu-
facturer’s instructions. The same amount of protein from each
condition was loaded in a 15% SDS-PAGE gel and proteins were
separated at a constant voltage (150V). Then, proteins were
transferred to nitrocellulose membrane (Whatman®, Protan, Maid-
stone, UK) in transfer buffer (25mM Tris, 192 mM glycine (pH
8.3) and 20% methanol) for 2h at 200mA. Membrane non-
specific binding was blocked with 5% (w/v) nonfat dry milk
(NFDM) in TBS-T (100 mM Tris, 1.5mM NacCl (pH 8.0) and 0.5%
Tween 20). Nitrocellulose membranes were incubated with pri-
mary antibody diluted in 5% (w/v) NFDM in TBS-T. Membranes
were washed and incubated with 1:1000 in 5% NFDM of sec-
ondary horseradish peroxidase-conjugated anti-rabbit (A0545) or
anti-mouse (A2304) (Sigma-Aldrich). Immunoreactive bands were
detected by enhanced chemiluminescence ECL (GE Healthcare,
Little Chalfont, UK) according to the manufacturer’s procedure

and images were recorded using Amersham Hyperfilm™ ECL (GE
Healthcare, UK). Finally, X-ray films were scanned using a Molec-
ular Imager Gel Doc XR+ System and analyzed with Quantity One
software (BioRad).

2.6. Microscopy studies

Human breast cancer cell line T-47D was grown on glass cover
slides and treated with or without KY peptide, at a concentration
of 500 wM, for 48 h. Thereafter, cells were fixed in 10% formalin
for 10 min, permeabilized with 0.05% Triton-PBS, stained with anti-
Caspase 3 (Calbiotech), anti-E-cadherin (BD Biosciences) antibodies
overnight at room temperature followed by staining with Alexa
488 and Alexa 568 secondary antibodies (Life Technologies). Nuclei
were stained with Dapi (Sigma-Aldrich) and cells analyzed with
a Nikon TiU inverted microscope. Cell morphology was evaluated
using a 10X Ph1 ADL objective with 0.25 NA. Mitosis and apoptosis
figures were visualized by their characteristic features using Dapi
with a 20X Plan apo lambda objective with 0.75 NA. Ten fields were
evaluated for each group. Statistical analysis was carried out with
two-tailed Student’s t-test.

3. Results
3.1. Peptide purification and characterization

TFA-precipitated proteins and peptides were subjected to RP-
HPLC. Typically obtained chromatograms were similar to the one
shown in Fig. 1. The acidic treatment used over human saliva
induced the precipitation of a pellet that was mostly comprised
of middle to high molecular weight proteins [24]. The observed
chromatographic profile was consistent with those reported by
other authors [24] and suggested the presence of proline-rich
proteins (PRPs), cystatins, histatins and statherin [19]. Follow-
ing RP-HPLC, fractions were analyzed by MALDI-TOF/TOF, using
a-cyano-4-hydroxycinnamic acid matrix. Selection of the saliva
fraction to be used in subsequent cell toxicity studies was based
in the mass fingerprints of each fraction and their relative abun-
dance (based on the integration of the peak area) to the acidic
soluble fraction. The purification process yielded only a limited
number of fractions containing significant amounts of singularly
isolated peptides. The chosen fractions for subsequent studies (des-
ignated F61 and F64) were those whose m/z profile is highlighted
in Fig. 2. According to available data [8], the isolated peptides cor-
respond to salivary proline-rich peptide IB-4 (Uniprot accession
number P02812) and histidine-rich peptide 1 (Uniprot accession
number P15515), both belonging to groups of peptides described as
having potential anti-tumoral/anti-microbial activity [10]. Impor-
tantly, the mass fingerprints showed that the selected fractions
exhibited a high degree of purity and, consequently, any cytotoxic
effects will most probably be due to the peptides present in these
fractions.

3.2. Cytotoxicity studies

In order to assess the effect of the natural and synthetic salivary
peptides (mimicking those identified in high relative abundance)
on cell survival, they were administered in a 5-500 .M concentra-
tion range to human breast cancer and prostate cancer cells. Cell
viability was determined as reduction of PrestoBlue™., Acridone
(Acri40), a known cytotoxic agent [27], was used as a positive con-
trol to asses reduction in viability (40% and 60%, for cell lines T-47D
and PC-3, respectively; Fig. 3). In T-47D cells, the synthetic pep-
tides GG and DR exerted a dose-response reduction in viability
(Fig. 3A). DR peptide (500 M) led to a decrease of around 40% of
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Fig. 3. Cell viability of T-47D cells (A and C) and PC-3 cells (B and C) when exposed to different concentrations (5, 50 and 500 wM) of synthetic and natural peptides. The
effect of acridone (Acri40), a well-known cell cytotoxic agent, is also highlighted. Results are mean + SD in relation to the negative control (no treatment). Effect of peptides
(500 M), F61 (5 wM) or F64 (50 wM) on T47-D proliferation and apoptosis markers. The ratio BCL-2/BAX was calculated using densitometry values. *: p<0.05 vs control
(One-Way ANOVA, Dunnets post test).

cell viability, similar to the positive control Acri40. Different results cells. When using the collected fractions from saliva (F61 and F64),
were observed in PC-3 cells, where a modest reduction in prolifer- the most potent cytotoxic effect in both cell lines was observed at
ation was observed for most peptides used (except for DR; Fig. 3B). 5 uM (F64) and 50 wM (F61), and no effect was observed at 500 pM
However, this effect was not dose-dependent as observed in T-47D (Fig. 3Q).
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3.3. Protein expression

The effect of the peptides (500 wM) on the regulation of cell
proliferation or apoptosis was studied by analyzing expression of
cMYC (proliferation), AIF (caspase - independent apoptosis), BAX
and BCL-2 (caspase-dependent apoptosis). c-MYC was not affected
by any of the peptides; while RQ, GG and Hist decreased the BCL-
2/BAX ratio (Fig. 3D) and Acri40 upregulated AIF. The purified F61
(50 M) and F64 (5pnM) induced a dramatic decrease of BCL-2
expression. These results suggest that peptides induce apoptosis
through activation of different pathways in a peptide-dependent
manner.

Since the cytotoxic effect of salivary peptides may be cell-type
specific we chose GG for further studies in other cell lines includ-
ing HT29 (colon cancer), MG63 (osteosarcoma) and T24 (bladder
cancer). Indeed, GG (50 M) reduced cell viability in MG63 cells
(Fig.4A), thereby providing further evidence that there is a cell-type
and concentration-dependent specific effect. GG treatment did not
affect cMYC protein levels in any of the cell lines tested; AIF was
only induced by GG in MG63 cells (50 wM) and an increase in BAX
was observed in MG63 as well as T47-D cells (Fig. 4B). Therefore,
GG possibly targets different pathways depending on the cell type.

As GG was most potent in T47-D cells, these were subsequently
used to further confirm GG effects on proliferation and apopto-
sis. For this purpose, cells were treated with 500 wM GG for 48 h
and mitotic and apoptotic figures were quantified by counting. KY-
treated T-47D cells showed significantly lower mitotic features, as
well as higher apoptotic bodies, compared to untreated control
cells (Fig. 5A) and increased levels of active Caspase 3 (Fig. 5B).
The effect of 500 WM GG on T-47D cells was further analyzed using
microscopy. Cells treated with GG seemed to lose intercellular
adhesion (Fig. 5C). Cell-cell adhesion was analyzed as a measure of
E-cadherin levels and its subcellular localization, which was dra-
matically reduced by GG treatment. Interestingly, E-cadherin loss

was without acquiring a spindle-shapped morphology indicative
of epithelial mesenchymal transition, but rather, viability appeared
compromised due to cell detachment.

4. Discussion

Proteomic studies focusing on human saliva have demonstrated
the validity of the top—-down method used for the isolation and
identification of unique proteins and peptides present in human
saliva [24]. Consequently, the interest in antimicrobial properties
of saliva peptides has increased in the last years (reviewed in Ref.
[11]). Nevertheless, the potential anti-tumoral activity of human
salivary peptides remains an unexplored field.

Here, based in mass fingerprints, we were able to select saliva
fractions composed by predominant peptides (Table 1) and, in
order to determine their anti-proliferative activity, we used dif-
ferent tumor cell lines. First, we assessed their cytotoxicity on
T-47D and PC-3 cell lines, which revealed cell-type and dose specific
responses to the same peptides. More precisely, the tested peptides
had a lower potency on PC-3 cell viability and were only active
at lower concentrations compared to T-47D cells. In T-47D cells,
effects were dose-dependent, reaching a maximum at 500 WM (DR,
KY and GG). However, we did not observe this tendency for the
peptides isolated from human saliva (F61 and F64). This may be
related to possible peptide aggregation at higher concentrations,
thus making it harder to penetrate/interact with the cells and, con-
sequently, exert any cytotoxic effects [7]. This hypothesis is also
sustained by the fact that these peptides have considerably longer
sequences (Table 1). Curiously, DR peptide showed the most promi-
nent anti-proliferative effect (similar to Acri40) (Fig. 3). However,
no expression differences were observed in the apoptotic and pro-
liferation protein markers tested herein. This may suggest that the
observed cytotoxicity involves alternative mechanisms. Peptides
isolated from human saliva led to a reduction of up to 25% of tumor
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circles) and apoptotic (filled circles) features in each 20X field counted. *: p <0.05.

cell viability. and correlated to a dramatic reduction of BCL-2 levels, cMYC, was up-regulated, while this might be contradictory to the
suggesting that F64 and F61 peptides may be inducing in caspase- expected results, it has been shown that under certain conditions
mediated apoptosis. ¢c-MYC can be involved in apoptosis [ 13]. Therefore, other proteins

GG peptide induced expression of the pro-apoptotic marker dictate the outcome of regulated cMYC expression in a given cell
BAX, leading to reduced BCL-2/BAX ratio, thereby favoring cell [5] and consequently, GG-treated T-47D cells showed a significant
entry into apoptosis. In T47-D cells, the proliferation marker decrease in mitotic figures when compared to untreated controls.
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Fig. 6. Effect of GG 500 wM on E-cadherin and active caspase 3 staining. Following 48 h treatment, GG reduced intercellular E-cadherin localization leading to cell scattering
(block arrows); while it increased active caspase 3 levels. Note increased number of apoptotic figures in cells with GG treatment (slim arrows). Scale bar =50 pwm.

GG peptide reduced intercellular E-cadherin localization, leading to
cell dettachment, while it increased active caspase 3 levels (Fig. 6).
These results suggest that upon destabilization of adherens junc-
tions (AJs) and E-cadherin loss, the cells did not undergo epithelial
mesenchymal transition but entered a death pathway. Therefore,
these results lead us to hypothesize that the treatment with the GG
peptide in T47-D cells results in the loss of cellular contact with
surrounding cells, AJs destabilization and entrance into caspase-
dependent apoptosis. Interestingly, GG also induced expression of
apoptotic markers AIF and BAX in MG63 cells which are of mes-
enchymal origin and do not express E-cadherin; thereby supporting
our hypothesis that the targeted pathways by the peptides depend
on the cell type, which may explain why peptides are active at
different concentrations depending on the cell type.

5. Conclusion

Current research indicates that peptides from eukaryotic organ-
isms are a demonstrated, but untapped, source of agents exhibiting

antimicrobial and anti-tumoral properties, with novel mechanisms
of action that possess an enormous potential in biomedical and
biotechnological applications.

Herein, we evaluated the effect of human natural salivary pep-
tides, ranging from 5 to 500 wM against in two established tumor
cell lines. Additionally, we have also tested synthetic analogues
to other peptides found in human saliva in 3 additional cell lines.
Results have shown that there is a reduced cell population increase
which is peptide-, cell- and possibly pathway-specific, with the
most potent effect observed in observed in T-47D breast cancer
cells. Protein expression and microscopy results further indicate
that in this cell line, GG peptide interferes with the ability of cell
adhesion proteins, such as E-cadherin to stabilize AJs, thereby lead-
ing to apoptosis.

Future work will focus on the expression of additional molec-
ular markers, as well as on the effect of a wider range of peptides
found in human saliva, in these and other cell lines. Nonetheless,
this novel work highlights the vast potential that still resides within
these small molecules.
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