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Abstract

Schinus terebinthifolia leaf lectin (SteLLL) was reported to be an antimicrobial and antitumor agent. In this work, we evalu-
ated the immunomodulatory activity of StelLL. on mice splenocytes and also determined its native molecular mass and puta-
tive sequence similarities with plant proteins. The effects of SteLL (12.5 pg/mL) on viability, cytosolic Ca** concentration
([Ca2+]cy[), cytosolic and mitochondrial levels of reactive oxygen species (ROS), and mitochondrial transmembrane potential
(A¥m) of mice splenocytes were determined. In addition, the culture supernatants were collected for quantification of inter-
leukins (IL), tumor necrosis factor (TNF), interferon-gamma (IFN-y) and nitric oxide (NO). SteL. L showed a native molecular
mass of 12.4 kDa and tandem mass spectrometry (MS/MS) ions search revealed similarities with adenosine triphosphate
(ATP) synthase and F1-ATPase from plants (4% and 6% coverage, respectively). SteLL was not toxic to splenocytes, did
not alter the [Ca2+]Cyt and ROS levels, and slightly reduced A¥m. The presence of SteLL stimulated the cells to release
pro-inflammatory cytokines (IL-17A, TNF-a, IFN-y and IL-2) and also of IL.-4, an anti-inflammatory cytokine that can
prevent exacerbated inflammation. Stel.L. induced decrease in the secretion of NO. In conclusion, SteL.L has biotechnological
potential as an immunomodulator agent for use in studies employing cultures of immune cells. In addition, the anti-infectious
and antitumor properties of the leaves may involve the immunomodulation property of SteLLL.
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SDS-PAGE Polyacrylamide gel electrophoresis
in the presence of sodium dodecyl
sulphate

SteLL Schinus terebinthifolia leaf lectin

Th T helper

TNF Tumor necrosis factor

UFPE Universidade Federal de Pernambuco

Introduction

Schinus terebinthifolia Raddi (Anacardiaceae), the Brazilian
pepper tree, is a medicinal plant whose leaves are widely
used for treatment of digestive and urinary tract infections,
oral candidiasis, and tumors (Morton 1978; Lindenmaier
and Putzke 2011). These biological effects are probably due
to the direct action of the leaf components on the infectious
agents and tumor cells, but the modulation of the immune
system can also be an important component involved in
them. In addition, leaves are used for treatment of skin
wounds (Ribas et al. 2006) and both innate and adaptive
immune response contribute to the healing process (Strbo
et al. 2014). This context raises the hypothesis that S. ter-
ebinthifolia leaf preparations may have immunomodulatory
properties. Further, faced with the complex task of finding
new agents for infection control, the search for molecules
that have both antimicrobial activity and ability for immu-
nomodulation is considered a promising new route for
expanding the therapeutic possibilities (Haney and Hancock
2013).

Among the compounds present in the leaves of S. terebin-
thifolia whose activity has been scientifically proven, there is
a thermostable and chitin-binding lectin called SteLL, which
is toxic to microorganisms (Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa,
Salmonella enteritidis, Staphylococcus aureus and Candida
albicans) of medical importance (Gomes et al. 2013) and
exerted antitumor activity in vivo in sarcoma 180-bearing
mice (Ramos et al. 2019).

Lectins are proteins that specifically recognize free car-
bohydrates or glycoconjugates (Coelho et al. 2017). The
binding of lectin domains to carbohydrates occurs through
reversible interactions (hydrogen bonds, van der Waals
forces and hydrophobic interactions). Different cellular
processes can be triggered when a lectin interacts with gly-
can moieties present at cell membrane, resulting in several
biological properties (Procépio et al. 2017). Lectins can
exert immunomodulatory effects through binding to gly-
cans present on the surface of immune cells, stimulating or
suppressing the production of growth factors, chemokines,
cytokines, and nitric oxide as well as can lead to activation
of lymphocytes. This property of lectins can be explored
in pre-clinical studies to modulate immune responses at a
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tumor microenvironment or sites containing foreign antigens
aiming to inhibit carcinogenesis, cease infectious process
or even reduce autoimmune response, for example (Patriota
et al. 2019). In addition, immunomodulatory lectins, such
as concanavalin A, have biotechnological value as powerful
tools for using in assays requiring immune cells activated
or expressing a specific profile (Dwyer and Johnson 1981;
Patriota et al. 2019).

The previous evidences that SteL.L is an active princi-
ple of the antimicrobial and antitumor properties of leaves
prompted the evaluation of its immunomodulatory activ-
ity when isolated. In this sense, it was evaluated the ability
of SteLL to affect the viability and cause cellular stress in
BALB/c mice splenocytes as well as to modulate the produc-
tion of cytokines and nitric oxide (immunomodulatory activ-
ity). Further, SteL.L was characterized for native molecular
mass and putative sequence similarities with plant proteins.

Materials and methods
Plant material

Schinus terebinthifolia is popularly known as “aroeira ver-
melha” or “aroeira da praia” in Portuguese, and “Brazilian
peppertree” in English. The name of the plant species was
checked with the website theplantlist.org. The leaves of S.
terebinthifolia were collected in the campus of the Universi-
dade Federal de Pernambuco, UFPE (8° 02’ 55.6" S 34° 56’
48.3" W), Recife, Pernambuco, Brazil. A voucher specimen
(number 73,431) is archived in the herbarium Ddrdano de
Andrade Lima from the Instituto Agronémico de Pernam-
buco (Recife, Brazil). The access to the plant material was
recorded (ACB2499) in the Sistema Nacional de Gestdo
do Patriménio Genético e do Conhecimento Tradicional
Associado.

Lectin isolation

The leaves were placed to dry at 28 °C for 15 days and then
powdered using a blender. The resulting flour (10 g) was
then suspended in 0.15 M NaCl (100 mL) and homogenized
for 16 h at 28 °C using a magnetic stirrer. The leaf extract
was obtained after filtration through gauze and centrifuga-
tion (12,000g, 15 min, 4 °C). SteLLLL was isolated from the
leaf extract as previously described by Gomes et al. (2013).
Protein concentration according to Lowry et al. (1951) and
the carbohydrate-binding property of SteLL. was checked by
the hemagglutinating activity (HA) assay as described by
Procépio et al. (2018). The specific HA was calculated as the
ratio between HA and the protein concentration (mg/mL).
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Gel filtration chromatography

Native molecular mass of SteLL was determined by submit-
ting the protein (2 mL; 1 mg) to gel filtration chromatogra-
phy on a HiPrep 16/60 Sephacryl S-100 HR column coupled
to the AKTAprime plus system (GE Healthcare Life Sci-
ences, Sweden). The chromatography was performed using
0.15 M NaCl at a flow rate of 0.5 mL/min. The fractions col-
lected (3.0 mL) were monitored for absorbance at 280 nm.
The relative molecular mass of SteLL was calculated by
comparing its migration time with those of the marker pro-
teins: bovine serum albumin (66 kDa), ovalbumin (45 kDa),
and lysozyme (14 kDa).

Mass spectrometry analysis

SteLLL. was submitted to polyacrylamide gel electrophoresis
in the presence of sodium dodecyl sulphate (SDS-PAGE)
according to Laemmli (1970). The region of the gel con-
taining the polypeptide band was excised and submitted to
discoloration by washing thrice (15 min each) with 400 uL.
of a solution (1:1, v/v) of 50% (w/v) acetonitrile and 25 mM
ammonium bicarbonate pH 8.0. Next, it was added 100%
acetonitrile and the gel was dehydrated by vacuum concen-
tration. Afterwards, the material was incubated with 10 pL
of 10 mM dithiothreitol (in 100 mM ammonium bicarbo-
nate) for 1 h at 56 °C. After new washing step with 100 mM
ammonium bicarbonate, 10 pL of 50 mM iodoacetamide
(in 100 mM ammonium bicarbonate) was added and the
assay was incubated at 28 °C in the dark. Iodoacetamide was
removed by washing with 100 mM ammonium bicarbonate
and the material was dehydrated again with 100% acetoni-
trile. The polypeptides were then digested for 16 h at 37 °C
with 5 pL of 20 mg/mL trypsin (Promega, Madison, WI,
USA) in 50 mM ammonium bicarbonate. The solution was
then transferred to a sterile tube and peptides were extracted
thrice by adding 30 pL of 1% (w/v) trifluoroacetic acid in
30% (w/v) acetonitrile. The resulting supernatants were
pooled, dried under the vacuum concentrator, and the pep-
tides were analyzed using an electrospray ionization quad-
rupole time-of-flight (ESI-QUAD-TOF) mass spectrometer
(Waters, Milford, MA, USA) and the spectra obtained were
compared with those present in the NCBInr database using
the tandem mass spectrometry (MS/MS) ions search of the
MASCOT software.

Mice splenocytes

All the experimental procedures were approved by the Eth-
ics Committee on Animal Use of UFPE (Process number
0048/2016). Female BALB/c mice (24- to 32-day-old)
from the vivarium of the Laboratério de Imunopatologia
Keizo Asami (UFPE) were used to obtain the splenocytes.

The mice were anesthetized with 2% xylazine (10 mg/kg)
and 10% ketamine hydrochloride (115 mg/kg) and eutha-
nized by cervical dislocation. The spleens were removed
and put in centrifuge tubes containing RPMI 1640 medium
(Gibco, Invitrogen, Carlsbad, CA) supplemented with fetal
calf serum. A homogenate was obtained using a dounce tis-
sue grinder and then transferred to centrifuge tubes contain-
ing 10 mL of incomplete RPMI medium and covered with
Ficoll-Paque™ Plus (GE Healthcare Life Sciences, Sweden)
with density adjusted to 1.077 g/mL. After centrifugation
(2500g, 25 °C, 25 min), the cell layer containing immune
cells was recovered, washed twice with phosphate-buffered
saline (PBS), and submitted to another centrifugation step
(500g, 25 °C, 10 min). The quantification of cells was done
using a Neubauer chamber and the viability was tested
through the trypan blue exclusion method. Splenocytes were
only used if the viability was higher than 98%.

Treatments

In 24-well plates, splenocytes (10° cells) were incubated
with SteLLL (3.12-50 pg/mL for cytotoxicity assay; 12.5 pg/
mL in the other assays) in supplemented RPMI 1640
medium for 24 h in an incubator (5% CO,). Untreated cells
(control) were cultured under the same conditions. Six rep-
licates were performed for all the experiments.

Evaluation of cytotoxicity

The possible induction of apoptotic or necrotic cell death
by SteLL was investigated using the “FITC Annexin V
Apoptosis Detection Kit I”” from BD Biosciences (San Jose,
CA, USA). Treated and control cells were collected by cen-
trifugation (450g, 10 min, 25 °C), washed with PBS and
centrifuged again. The pellets were resuspended in binding
buffer for a concentration of 1x 10° cells/mL. Next, 100 uL
were transferred to a culture tube and it was added 5 L. of
annexin V (AnnV) conjugated with fluorescein isothiocy-
anate (FITC) and 5 pL of propidium iodide (PI). The cells
were then analyzed in the FACSCalibur cytometer using
the Cell Quest Pro software (BD Biosciences) and FL1 vs.
FL3 dot plots. A minimum of 10,000 events was collected.
AnnV-negative/PI-positive cells were considered necrotic,
and AnnV-positive/PI-negative cells were considered to be
at the early stage of apoptosis. Double negatives were con-
sidered viable cells.

Determination of cytosolic Ca?* concentration
([Ca**],y,)

Treated and control cells were collected by centrifugation
(300g, 26 °C, 5 min), washed with PBS and centrifuged
again. The pellets were transferred to 24-well plates and
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incubated (5% CO,, 37 °C) for 40 min with 5 pM Fluo-
3AM (Thermo Fisher Scientific, Waltham, MA, USA), 1 uM
pluronic acid F-127 (Sigma-Aldrich, St. Louis, MO, USA)
and 30 pg/mL bovine serum albumin (Sigma-Aldrich). Sub-
sequently, the cells were washed with PBS, collected by cen-
trifugation (300g, 26 °C, 5 min) and transferred to cytometer
tubes. The fluorescence emission at 525 nm was recorded
using an excitation wavelength of 395 nm. A minimum of
10,000 events were collected. The [Ca2+] was calculated
according to the equation

ca]

cyt

o = Ki(A=B)/(C-A),
where A is the sample fluorescence; B is the minimal fluores-
cence value (measured using cells incubated for 2 min with
8 mM ethylenediamine tetraacetic acid); C is the maximal
fluorescence (measured using cells incubated for 2 min with
1 uM ionomycin); and K ; value is 390 nm (Tsien 1988; Deg-
asperi et al. 2006; Melo et al. 2010).

Determination of cytosolic and mitochondrial levels
of reactive oxygen species (ROS)

Treated and control splenocytes were washed with PBS,
centrifuged (300g, 26 °C, 5 min) and the pellets were trans-
ferred to 24-well plates and incubated (5% CO,) in the pres-
ence of 5 uM dihydroethidium (Sigma-Aldrich) for 40 min
(for measurement of cytosolic ROS) or 5 uM MitoSox Red
(Thermo Fisher Scientific) for 10 min (for quantification of
mitochondrial ROS). Thereafter, the cells were washed with
PBS, collected by centrifugation (300g, 26 °C, 5 min) and
the fluorescence at 620 nm was measured in the flow cytom-
eter using an excitation wavelength of 488 nm. A minimum
of 10,000 events were collected.

Measurement of the mitochondrial transmembrane
potential (AWYm)

Treated and control cells were washed with PBS and col-
lected by centrifugation (300g, 26 °C, 5 min). The pellets
were transferred to 24-well plates and incubated (37 °C, 5%
CO,) for 30 min with 100 nM MitoStatus (BD Biosciences).
After this period, the cells were washed with PBS, centri-
fuged (300g, 26 °C, 5 min) and transferred to cytometer
tubes. The intensity of the fluorescence at 620 nm was ana-
lyzed using an excitation wavelength of 488 nm. A minimum
of 10,000 events were collected.

Quantification of released cytokines

Supernatants of treated and untreated cultures were col-
lected to determine the levels of interleukins (IL-2, IL-4,
IL-6, IL-10, and IL-17A), tumor necrosis factor (TNF),
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and interferon-gamma (IFN-y) using the Cytometric Bead
Array (CBA) Mouse Th1/Th2/Th17 Cytokine Kit (BD Bio-
sciences, USA). The assays were performed according to
the manufacturer’s instructions. Individual cytokine standard
curves (0-5000 pg/mL) were generated and the range of
detection was between 2 and 5000 pg/mL. Six experiments
were performed.

Quantification of nitric oxide (NO)

The supernatants from untreated and treated cultures were
also used to quantify the amount of released NO according
to the Griess method (Ding et al. 1988). NO concentration
was estimated using a standard curve (3.12-100.0 umol/
mL). Six experiments were performed for statistical analysis.

Statistical analysis

Statistical analysis of the results from cytotoxicity assay was
performed using two-way analysis of variance (ANOVA).
The statistical differences in the data from the other assays
were analyzed by the Student’s ¢ test using the GraphPad
Prism 8 software. All the results were analyzed with a sig-
nificance level of 95% (p < 0.05).

Results and discussion

This work was designed to test the hypothesis that SteL.LLL
may be an immunomodulatory agent found in S. terebin-
thifolia leaves. This hypothesis was raised due to: the broad
use of S. terebinthifolia leaves in folk medicine; the biotech-
nological potential of other lectins as immunomodulatory
agents; the need for new therapeutic strategies with greater
selectivity for altered endogenous cells or foreign antigens;
the previous reports on the antimicrobial and antitumor
activity of SteLL.

SteLL showed specific HA of 10,284, which assures
that its carbohydrate-binding sites were active. Gel filtra-
tion chromatography showed a native molecular mass of
12.4 kDa for SteLL (Fig. 1). This value is closer to the
mass of 14 kDa previously reported for SteLL by SDS-
PAGE (Gomes et al. 2013; Ramos et al. 2019) and con-
firms that it is a monomeric protein in the native state.
Similar profile was detected by us in SDS-PAGE (data
not shown) and the SteLL polypeptide band was submit-
ted to mass spectrometry analysis. MS/MS ions search
revealed similarities (Table 1) with sequences of an
adenosine triphosphate (ATP) synthase beta chain from
Polytomella sp. (4% coverage), F1-ATPase alpha subunit
from Burmannia biflora (6% coverage), and a predicted
protein from Hordeum vulgare subsp. vulgare (5% cover-
age). Plant lectins are broadly found in storage vacuoles
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Table 1 Sequence similarities between peptides derived from tryptic digestion of SteLL and sequences of Viridiplantae proteins in the NCBIprot
database

Peptide Mass (Da) Score Peptide sequence Matching proteins

1 1438.7842 109  VALTGLTVAEYFR  CAI34837.1: ATP synthase beta chain, mitochondrial precursor, from Polytomella sp.
Pringsheim 198.80
BAKO06030.1: predicted protein from Hordeum vulgare subsp. vulgare
14347518 110  FTQAGSEVSALLGR BAKO06030.1: predicted protein from Hordeum vulgare subsp. vulgare
2364.1882 75 EVAAFAQFGS- ACZ44925.1: F1-ATPase alpha subunit, partial (mitochondrion), from Burmannia biflora

DLDAATQALL-
NRG

A minimum protein score of 70 was considered as significant for similarity

and extracellular compartments, but it has increased the 100~ B Apoptosis

reports of their presence in cytoplasm and nucleus playing . gg: M Necrosis
important roles in the cell physiology; for example, the ® 404

70-kDa heat shock proteins (HSP70) are carbohydrate- £ 107

binding proteins composed of structural domains among % 8-

which one is involved in ATPase activity. However, many T 6

of these lectins still do not have their functional roles in S 4

the plant clarified as well as what would be their recep- 3

tors (Lannoo and Van Damme 2010). Our results stimulate z—m

future researches in order to discover the role of SteLL in Control 50 5 125 6.25 3.12
the leaves of S. terebinthifolia. p——SteLL (ng/mL)——

After obtaining information about putative sequence
similarities for SteLL, we investigated the cytotoxicity of  Fig,2 Investigation of the cytotoxic effect of Schinus terebinthifolia
this lectin to the mice splenocytes since it is expected that  leaf lectin (SteLL) on BALB/c mice splenocytes after incubation for
a potential immunomodulatory agent would stimulate cells 24 h- Cytotoxic effect was assessed by flow cytometry using annexin
. . ST V (AnnV) and propidium iodide (PI). AnnV—/PI+ cells were consid-
in vitro without alter their viability as well as would be capa- . . .

) A T ST ) . ered necrotic and AnnV+/PI— cells were considered apoptotic. Bars

ble Of Stlmulatlng pI‘OtCCthC lmmunlty 1n vivo agalnst lnfCC- represent the mean + standard deviation of six experiments
tious agents or tumors without causing damage to the host

(Santos et al. 2016). Interestingly, SteL.L did not cause apop-

tosis or necrosis at the conditions employed in our experi-  this same concentration (Brito et al. 2017; Procépio et al.
ment (Fig. 2). In this sense, the concentration of 12.5 uyg/mL.  2018; Patriota et al. 2017).
was selected for the next investigations since there are recent We also evaluated whether SteLLL, at the same concen-

reports of lectins that exerted immunomodulatory effects at ~ tration used in the cytotoxic assay, would be able to cause
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damages in the splenocytes that, although not enough to lead
to cell death, could impair their functionality. In addition,
the analysis performed allows to detect if some type of acti-
vation of these cells was occurring. Therefore, we assessed
the effects of SteLL on cytosolic and mitochondrial reactive
oxygen species (ROS) levels, cytosolic calcium concentra-
tion, and mitochondrial membrane potential.

The ROS are not only by-products of cellular metabolism
that mediate cell death and mitotic failure. They can interfere
with signal transduction pathways, changing the metabolism
through the oxidation of cellular proteins that are linked to
immune cell activation (Murphy and Siegel 2013). In turn,
the increase in cytoplasmic free calcium influx may con-
stitute an early element of signaling cascades that trigger
defense against pathogens; however, it can result from oxi-
dative stress, causing influx into mitochondria (disrupting
the normal cell metabolism and leading to death) and nuclei
(modulating gene transcription and nucleases that control
cell apoptosis) (Blume et al. 2000; Ermak and Davies 2002).
Thus, it can be inferred that if a small increase in [C212+]Cyt
and the amount of ROS in the cytoplasm and mitochondria
can be signs that an immune cell was being activated. On the
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Fig.3 Evaluation of the effects of 24-h treatment of BALB/c mice
splenocytes with Schinus terebinthifolia leaf lectin (SteLL) at
12.5 pg/mL on cytosolic calcium concentration (a), cytosolic (b) and
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other hand, a strong increase would point to the occurrence
of cellular damage (Mittal et al. 2014).

SteLL did not alter [Ca2+]Cyt (Fig. 3a) nor affected the
levels of cytosolic (Fig. 3b) and mitochondrial ROS (Fig. 3¢c)
in the splenocytes. This result agrees with the absence of
cells in apoptosis or necrosis after treatment with SteLL
and shows that the presence of these samples did not stress
the splenocytes nor activate them. When alteration of the
AW¥m of splenocytes was evaluated, a slight reduction was
observed in the cells incubated in the presence of SteLL with
regard to the control (Fig. 3d). In spite of this, the absence
of alterations in the concentrations of ROS and calcium and
the non-occurrence of apoptosis ensure that the functioning
of the cells treated with SteLL has not been compromised.

Since SteLL was not cytotoxic to the splenocytes,
we assessed whether the ability of these cells to produce
cytokines would be modulated by this lectin. As expected,
in view of the results showed above, all the cytokines inves-
tigated were secreted by the splenocytes, ensuring that the
cells were functional. When compared with the control cells,
SteLL stimulated the release of IL-17A, TNF-«, IFN-y, IL-4
and IL-2 (Fig. 4). Even though the release of IL-4 has been
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(fluorescence mean)
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mitochondrial (c¢) reactive oxygen species (ROS) production, and
membrane mitochondrial potential (A¥m) (d) after incubation for
24 h. Bars represent the mean + standard deviation of six experiments
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Fig.4 Evaluation of the effects of 24-h treatment of BALB/c mouse splenocytes with Schinus terebinthifolia leaf lectin (SteLL) at 12.5 ug/mL
on the release of cytokines (a—g) and nitric oxide (h). Bars represent the mean =+ standard deviation of six experiments
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stimulated, the data indicate a predominant pro-inflamma-
tory (Thl and Th17) response. SteLL did not interfere with
IL-10 release, which could have counterbalanced this profile
through its regulatory properties.

The IL-2 is a 15-kDa protein that interacts with the
IL-2Ra, IL-2Rp, and IL-2Ry receptors and stimulates the
growth and proliferation of T and B lymphocytes through
the Janus kinases/signal transducer and activator of tran-
scription proteins (JAK/STATSs) pathway. It also induces the
production of other cytokines including IFN-y and TNF-
B, which result in the activation of monocytes, neutrophils
and natural killer cells. IL-2 has been widely used in cancer
therapies, for treatment of metastatic melanoma, renal cell
carcinoma, and myelogenous leukemia (Brune et al. 2006;
Rosenberg 2014; Mitra and Leonard 2018). IL-17 is a pro-
inflammatory cytokine whose antitumor activity depends on
IFN-y production. IL-17 is activated by IL-23, which is the
key factor for the expansion and maintenance of the Th17
population. IL-23 is closely associated with IL-12, which is
involved in the production of IFN-y by Thl cells and anti-
tumor immunological activity (Rosenberg 2014; Mitra and
Leonard 2018; Shrihari 2017).

TNF-a is a cytokine associated with Thl response
that together with macrophage inflammatory protein la
(MIP-1a), H,0,, and NO represents cytotoxic factors
against microorganisms and tumor cells. Together with
the chemokines (C-X-C motif) ligands (CXCL) 8, 1, and
2, TNF-a recruits and activates N1 phenotypic neutrophils,
which have antitumor activity. In addition, the induction of
apoptosis by TNF ligands and the release of IFN-y inhibit
the tumor cell proliferation (Shrihari 2017).

The IL-4 is a glycoprotein with anti-inflammatory prop-
erties that induces the differentiation of B lymphocytes to
produce immunoglobulins G and E, which are important
in allergic process and responses to helminthic infesta-
tions. IL-4 inhibits ROS production, which may a reason
for the maintenance of ROS levels in splenocytes treated
with SteLL, even with the reduction in mitochondrial mem-
brane potential and the stimulus of a pro-inflammatory status
(Rosenberg 2014; Mitra and Leonard 2018).

Other plant lectins have been described as immunomodu-
latory agents. The lectin from the inflorescences of Alpinia
purpurata stimulated the release of Thl (IFN-y, TNF-a,
and IL-6) and Th17 (IL-17A) cytokines and nitric oxide by
human lymphocytes. In contrast, this lectin also increased
the expression of IL-10, an anti-inflammatory mediator
(Brito et al. 2017). In the same way, the lectin from Micro-
gramma vacciniifolia frond increased TNF-a, IFN-vy, IL-6,
IL-10, and nitric oxide production by human lymphocytes,
inducing a predominant Th1 response (Patriota et al. 2017).
In this sense, these lectins not only induced a pro-inflam-
matory response, but also stimulate the production of a
cytokine of Th2 response, similarly to SteLL. The lectin
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isolated from the leaf pinnulae of Calliandra surinamensis
did not induce apoptosis or necrosis of mice splenocytes and
promoted increase of IL-2 and TNF-a production (Procépio
et al. 2018). The authors stated that these results stimulate
the evaluation of antitumor activity of this lectin.

Previous report showed that SteLL is an antitumor agent
by causing apoptosis of sarcoma 180 cells with an ICs, (con-
centrations that reduced cell viability to 50%) of 8.30 pg/
mL (Ramos et al. 2019). The authors also demonstrated that
SteLL at 1 mg/kg and 5 mg/kg reduced in 73.6% and 57.6%,
respectively, the weight of sarcoma 180 tumors in Swiss
female mice. It was also suggested that the in vivo antitumor
activity of SteLL may result in the activation of anti-cancer
immune responses. The immunomodulatory activity demon-
strated by us in the present paper strengthens this hypothesis.

When SteLL was used as treatment, due to its predomi-
nantly pro-inflammatory response, one could expect that
the splenocytes would have increased the NO release,
which did not occur (Fig. 4h). Hiroi et al. (2013) reported
that IL-4 inhibits the NO production induced by IFN-y. On
this way, the increased expression of IL-4 by splenocytes
treated with SteLL can be a reason for the slight decrease
in the levels of NO, corresponding to other indication of
the regulatory role of IL-4 in the status induced by SteL.L.

Conclusion

The findings presented here demonstrate that SteL.L is able
to affect the release of specific cytokines by mice sple-
nocytes without causing cellular stress. SteLL induced a
predominant pro-inflammatory (Th1l and Th17) response,
but regulated by IL-4. Thus, the popularly recognized anti-
infectious and antitumor properties of S. terebinthifolia
leaves may involve the immunomodulatory property of
SteLL. In addition, the data reported here points out SteLLL.
as a plant-derived prototype with biotechnological poten-
tial as an immunomodulator agent for use in studies with
cultures of immune cells.
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