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Abstract

Background: Guarana (Paullinia cupana) is known for its antioxidant, cicatricial effects
having caffeine as the main component of the extract. Mesenchymal stromal cells (MSCs)
have therapeutic potential for their ability to differentiate, immunomodulate and migrate
to injured tissues, and such effects are potentiated when cells are activated. The objective
was to evaluate the effects of guarana and caffeine on MSCs. Methods: After the initial
characterization, MSCs were treated with P. cupana (10, 100 and 1000 pg/mL) or
caffeine (0.4, 4 and 40 pg/mL) for 24 h and cell morphology, cell cycle, autophagy,
viability, antioxidant potential, nuclear regularity, mitochondrial membrane potential and
proliferation were evaluated. Results: MSCs treatment with guarana 1000 pg/mL
promoted an increase in cell polarity (p<0.0001), viability (p<0.001) and antioxidant
potential (p<0.05), while reduced the levels of autophagy (p<0.05). MSCs treated with
guarana 100 and 1000 pg/mL showed decrease of cell proliferation (p<0.0001), and
guarana 100 ug/mL promoted a lower cell area (p<0.05). None of the treatments affects
the cell cycle of MSCs. Discussion: The present study shows in vitro evidence that
guarana could be a promising alternative for activating mesenchymal stromal cells in

order to promote better cellular products for future clinical therapies.

Key Words: guarana extract, Paullinia cupana, MSC, mesenchymal stem cell, cell

therapy, priming, cell activation.



Abbreviations:

MSC: mesenchymal stem cells

DMEM: Dulbecco’s modified Eagle’s medium
FBS: fetal bovine serum

PBS: phosphate buffered saline

PD: population doubling

SOD: dismutase superoxide

NO: nitric oxide

NMA: nuclear morphometric analysis

SH: reduced thiol



Introduction

Guarana (Paullinia cupana) is a native plant to the central Amazon basin known
for its stimulating and medicinal properties. Roasted seed extracts have been used as
medicinal beverages for centuries by indigenous communities [1]. Seeds are the
commercially useful part of the plant due to its high content of caffeine purine alkaloid
(1,3,7-trimethylxanthine) to which its stimulant property is attributed. Despite the large
variation in seed’s caffeine content (varies from 2.5 to 6%) the values still high when
compared to any other species, including coffee (Coffea arabica), tea (Camellia sinensis)
and yerba mate (llex paraguariensis) [1, 2]. The extract of guarana seed is composed
mainly of caffeine (34.19 mg/g of extract), theobromine (0.14 mg/qg), catechin (3.76 mg/g)
and epicatechin (4.05 mg/g) [3].

Previous investigations describe antidepressant, antimicrobial, anti-platelet
aggregation, antioxidants and cardioprotective effects [4-6]. The antioxidant effects of
guarana have been evaluated in NIH-3T3 cell line where guarana decreased cell mortality,
lipid peroxidation, DNA damage and cell oxidative stress as well as increased the
dismutase superoxide (SOD) levels demonstrating the effects on nitric oxide (NO)
metabolism in situations with higher cellular NO levels [7]. Also, an increase in the non-
enzymatic antioxidant potential in the SH-SY5Y human neuronal cell line [8], and a dose-
dependent increase in DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity
was demonstrated [9].

In addition, guarana supplementation was shown to improve and accelerate the
healing process of fractures in animal models [10] and affect the cell cycle of pre-
neoplastic and highly metastatic phenotypes demonstrating the therapeutic potential of P.
cupana in the treatment of cancer in experimental models.

Mesenchymal stromal cells (MSCs) are being investigated as a potential
alternative for cellular therapy because of their characteristics of self-renewal,
differentiation and mainly for their paracrine immunomodulatory and
immunosuppressive effect [11]. MSCs from embryonic attachments are immature cells,
with lower risk of mutations and with superior cellular activity, including increased
differentiation [12], homing, graft potency and lower immunogenicity [13]. Da Silva et
al. (2012) demonstrated the effects of cell therapy in neuroprotection, tissue regeneration,
inflammation and induction to growth factors [14]. Moreover, trials demonstrate that the

mechanisms of action of mesenchymal stromal cells are associated with the release of



paracrine factors that act by mediating inflammatory processes and helping to reduce the
damage generated by oxidative stress [15].

In recent years, different approaches to enhance the recruitment of MSCs and also
their anti-inflammatory capabilities are attracting significant interest. In this way, the
activation of MSCs with cytokines, growth factors, hypoxia, pharmacological drugs,
biomaterials among other different culture conditions, mechanisms also known as
activation or "priming", are being extensively investigated in order to generate cellular
products with greater potential for the different clinical applications [16].

Because previous investigation has described several biological properties of
guarana in cell lines, we studied here the effects of guarana and caffeine on mesenchymal
stromal cells searching for the possibility of use this extract as a priming approach for cell

therapy.

Methods

Isolation, characterization and culture of MSCs

MSCs from human chorionic membrane were isolated according to Aradjo et al.
(2017) [11]. Cells were characterized by immunophenotypic analysis and in vitro
differentiation in mesodermal lines (chondrocytes, adipocytes and osteocytes).

MSCs were cultivated until reaching 70-80% confluency in Dulbecco's Modified

Eagle Medium (DMEM-Gibco) supplemented with 10% Fetal Bovine Serum (FBS-
Gibco), 1% Penicillin-Streptomycin (PS-Gibco) and 2 mM L-glutamine (Gibco),
maintained in incubator at 37°C, 5% CO? and 95% humidity.

Treatments

Guarana (P. cupana) powder was obtained from Lifar Ltd. (Porto Alegre, RS,
Brazil). The stock solution consisted of 10 mg/mL of extract in DMEM supplemented
with 10% FBS and 1% PS and incubated at 37°C for 15 minutes. The guarana working
solutions were 10, 100 and 1000 pg of guarana/mL DMEM 10% FBS.

Since caffeine is the major component of guarana extract, we used caffeine (0.4,
4 and 40 pg/mL) that corresponds to its concentration in guarana working solutions. The
caffeine stock solution - anhydrous, 99% (Sigma) was prepared with 1 mg of caffeine
diluted in 1 mL of DMEM 10% FBS.



Experimental design in vitro

The effects of P. cupana 10, 100 and 1000 pg/mL were analyzed, as well as their
caffeine proportions corresponding to 0.4, 4 and 40 pg/mL, according to Da Silva
Bittencourt et al. (2014) [3]. The control group consists of MSCs cultured with DMEM
10% FBS. All groups were cultivated in an incubator at 37°C, 5% CO?2 and 95% humidity

for 24 h and the cell passages used were between P3-P7.

Area, cell polarity and nuclear morphology

MSCs were plated (4x10* cells/well) into coverslips in a 12 well plate. After the
treatment period, samples were washed with phosphate buffered saline (PBS - Laborclin)
and fixed with 4% paraformaldehyde solution + 4% saccharose for 15 minutes at room
temperature. After washing with PBS, the membranes were permeabilized with 0.3%
Tween (Sigma-Aldrich) in PBS for 10 minutes, washed and then blocked with FBS (1:10)
for 1 hour at room temperature. Subsequently, cells were labeled with rhodamine-
phalloidin (Invitrogen-Termo Fisher) for 1 hour at 4°C. Nuclei were stained with DAPI
(Sigma-Aldrich) for fluorescence microscopy analysis.

To assess cell polarity, the polarity index was calculated as the length of the major
migration axis (parallel to the membrane protrusion) divided by the length of the
perpendicular axis that intersects the center of the cell nucleus [11,17]. A total of 100-
150 cells were analyzed in each condition.

A nuclear morphometric analysis (NMA) was performed as described by Filippi-
Chielaetal. (2012) [18] Images were taken from a total of 300—400 nuclei, obtained from
random fields. Images were analyzed using Image Pro-Plus 6.0, for the acquisition of the
nuclear area and the parameters of nuclear irregularity (roundness, aspect, radius ratio
and area/box, which are grouped in an index, named the nuclear irregularity index (NII).
Nuclear Morphometric Analysis (NMA) tool were used in order to quantify senescence,

mitosis, apoptosis and mitotic catastrophe.

Cell viability (MTT)

In a 96-well plate MSCs (1x10%well) were seeded and exposed to the treatment
conditions. After 24 h, treatment medium was changed to standard medium containing 3-
(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT, Sigma-Aldrich) at

the final concentration of 0.5 mg/mL. At the end of the experiment, the medium was



removed, and DMSO was added. The absorbances of 570 nm and 690 nm were read using

a spectrophotometer (Spectramax, Hexis).

Mitochondrial membrane potential (JC-1)

In 24-well plates, 4x10* MSCs were seeded. After the 24 h treatment period, cells
were washed with PBS, detached with a trypsin/EDTA solution and a labeling mix
containing DMEM 10% FBS and tetraethylbenzimidazolylcarbocyanine iodide (JC-1 -
ab113850) was added. After incubating for 20 minutes at 37°C, PBS was added, and the

samples were analyzed on Attune flow cytometer (ThermoFisher Scientific).

Antioxidant Potential

To evaluate the antioxidant potential, measurement of total SH (reduced thiol)
groups of proteins and other thiol compounds was performed. In a 6-well 30x10*
MSC/well were plated. After treatment, cells were detached, resuspended in PBS and
centrifuged at 3000 g for 10 minutes at 4°C, then the supernatant was used for the
determination of total SH groups as described by Kleber Silveira et al. (2018) [19]. Briefly
30- to 80 ug aliquot was diluted in phosphate-buffered saline and reacted with 10 mM
5,5'-dithiobis-(2-nitrobenzoic acid). After 60 min of incubation at room temperature
(25°C), the absorbance was read using a spectrophotometer 412 nm. Results are

expressed as mmol-SH groups/mg protein.

Cell proliferation (population doubling)

MSCs were plated at a density of 4x10 cells/well in a 24-well plate and treated.
On days 3 and 6 cells were detached, counted using a Neubauer’s chamber and re-seeded
at the same initial concentration (4x10* cells/well). To obtain the population doubling
(PD) values, the initial and final values of cells in each time interval was plotted into a
formula: PD = (log N(t)-log N(t0))/log 2, where N(t) was the number of cells per well at
the time of trypsinization after 3 and 6 days and N(t0) was the number of cells initially

plated.

Autophagy and cell cycle characteristics
To analyze autophagy, 4x10* cells were seeded per well in 24-well plates. After the
treatment period, the cells were washed with PBS, trypsinized and then each sample was

resuspended in a labeling mix containing 400 ul of DMEM 10% FBS + 0.6 pL acridine


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/density

orange (Sigma-Aldrich). After, the plates were incubated for 15 minutes at room
temperature, protected from light and analyzed on the Attune flow cytometer
(ThermoFisher Scientific).

For cell cycle analysis, after treatment, cells were washed with PBS, trypsinized
and centrifuged at 1200 rpm for 10 minutes. After that cells were resuspended in 0.5
ug/ml propidium iodide (Sigma-Aldrich), 0.1% Triton x-100 and 0.1% sodium citrate
solution, agitated and finally incubated for 15 minutes at 4°C in the dark. Finally, the

nuclei were analyzed on the flow cytometer.

Statistical analysis

The parameters of interest were compared using analysis of variance (ANOVA)
and multiple comparisons with Tukey, Kruskal-Wallis and Dunn’s. Analysis was
performed in statistical program GraphPad Prism software version 6 (San Diego,
California, USA) with mean + standard deviation (SD). Results were considered
significant if p<0.05.

Results

Characterization of MSC from chorionic membrane

Chorion-derived MSC from human placenta with stable fibroblast-like phenotype
were isolated by adherence separation and characterized by flow cytometry and
differentiation assays. Cells expressed MSC markers CD73 (99.2 + 0.6), CD90 (96.6 +
0.4), CD105 (92.8 £ 7.0), CD29 (97.1 + 0.5), CD44 (96.0 £ 2.3), and lacked expression
of CD45-CD34-CD19-CD11b-HLA-DR (0.2 + 0.1), CD14 (0.4 £ 0.3), CD3 (0.3 £ 0.3)
and HLA-G (1.6 = 0.6). MSCs readily differentiated into osteocytes, adipocytes

and chondrocytes after incubation in appropriate differentiation media for 14-28 days.

Cell characteristics: morphology, size, polarity and regularity nuclear

Mesenchymal stromal cells maintained their characteristic fibroblastic
morphology (figure 1-A) after treatment. Regarding cell area G100 and C4 groups
presented significantly lower area (67.99 + 12.84 u? and 74.71 + 4.87 p? respectively)
when compared to control (162.3 £ 29.49 p2) and C40 groups (152.7 £ 12.30 p?) (figure
1-B).


https://www.sciencedirect.com/topics/immunology-and-microbiology/placenta
https://www.sciencedirect.com/topics/medicine-and-dentistry/flow-cytometry
https://www.sciencedirect.com/topics/immunology-and-microbiology/cd90
https://www.sciencedirect.com/topics/immunology-and-microbiology/cd29
https://www.sciencedirect.com/topics/immunology-and-microbiology/cd44
https://www.sciencedirect.com/topics/immunology-and-microbiology/cd14
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hla-g
https://www.sciencedirect.com/topics/immunology-and-microbiology/osteocyte
https://www.sciencedirect.com/topics/immunology-and-microbiology/adipocyte
https://www.sciencedirect.com/topics/immunology-and-microbiology/chondrocyte

As shown in figure 1-C, cells treated with guarana 1000ug/mL showed the most
elongated morphology, presenting the higher polarity index (5,120 = 0,2224), (p
<0.0001), while cells of C0.4 group presented lowest polarity index (2,705 + 0,1318).

Nuclear morphology provides information on possible cellular changes such as
senescence and apoptosis. After NMA analysis, no biologically relevant modifications
were observed in the cell nucleus among different treatment groups as demonstrated in

figure 1-D.

Cell viability - MTT

Viability of treated cells under guarana or caffeine effects was measured and the
results are presented in figure 2-A. MTT assay demonstrated the treatment with guarana
at 1000pg/mL concentration provides significantly higher viability (1,491+0,0379) in
relation to all groups analyzed (p<0.001).

Mitochondrial membrane potential - JC-1

After demonstrating that P. cupana induced greater cell viability (measured by
mitochondrial conversion of MTT), mitochondrial membrane potential was evaluated by
flow cytometry. Due to low mitochondrial membrane potential JC-1 yields green
fluorescence however when mitochondria present high membrane potential the dye yields
red. The red/green fluorescence ratio was used to determine the mitochondrial function
of cells after treatments (figure 2-B). Both groups, guarana (G100 and G1000) or caffeine
(C0.4, C4 and C40) promoted an increase in mitochondrial membrane potential being
significantly more polarized p=0,0016 and p=0,002, respectively, than the control.

Antioxidant potential

The process of oxidative stress occurs naturally in cells, however, it is cause of
cell death and is regarded as one of the causes of aging being involved in almost every
body process. Our results demonstrated, that treatment with guarana 1000 pg/mL
increased the number of reduced thiols p=0.0224 in (figure 3). This may provide cells
protective effects against oxidative changes of proteins.



Cell proliferation - population doubling (PD)

The proliferation assay demonstrated that guarana at 100 and 1000 pg/mL
promoted lower PD values (p<0.0001) compared to the control group (figure 4-A). It was
also observed that the G100 and G1000 group obtained lower PD when compared to G10
(p<0.01) demonstrating a dose dependent response. Caffeine treated cells proliferate in

a manner similar to control.

Autophagy and Cell cycle

MSCs treated with guarana 1000 pug/mL presented, statistically (p<0.05), lower
levels of autophagy (1,320 = 0,4704) in relation to control (6,530 + 0,7182) (figure 4-B).
Moreover MSCs cell cycle was analyzed using flow cytometry and showed no difference
among all groups. Treatments with guarana and caffeine did not change the percentage
of cells that were in the GO/G1, S or G2-M phases (p<0.05) when compared to the control
group (figure 4-C).

Discussion

The therapeutic potential of MSC is related to lineage-specific differentiation,
immune system modulation, secretion of bioactive factors and to their antioxidant
properties. These properties can be tightly regulated by biological, biochemical, and
biophysical factors which are capable of enhance MSC therapeutic potential [20].
Guarana presents high content of polyphenols and caffeine and has demonstrated strong
antioxidant properties in human neuronal-like cells (SH-SY5Y) [8] and fibroblasts (NI1H-
3T3) [7]. In this context, here we evaluate MSC viability, cell and nuclear morphometry,
cell polarity, cell cycle, autophagy, mitochondrial membrane potential as well as
antioxidant properties in the presence of guarana extract aiming to apply this natural
product as a MSC priming agent.

Regarding morphometric analysis, our data demonstrate that cells treated with
guarana and caffeine (100 and 4 pg/mL, respectively) revealed smaller sizes compared to
control group. A recent work from Oja et al. (2018) evaluated bone marrow MSC and
observed that an increase in cell size is associated with the expression of p16 and the
activity of B-galactosidase demonstrating that morphological changes, correlates with
biochemical senescence markers [22]. The same work declares that MSCs at early

passages are small and spindle-shaped, however Oja did not observe a reduction in cell



area. Nevertheless, to date there is not yet a consensus about critical MSC size, and
whether cell size is influenced by tissue source and culture conditions [23].

Cell polarity results from the internal organization of the cell and is a key step for
the induction of cell motility. Cell migration depends on the activation of several
signaling pathways that result in the break of cell asymmetry, where a more elongated
morphology is usually associated with a better mesenchymal cell migratory performance
process [21,24]. Using a polarity index distribution, we demonstrated that 24 hours of
guarana treatment indicated a more elongated cell shape, while caffeine resulted in a more
rounded morphology. Schneider et al. (2015) demonstrated, using time-lapse microscopy,
that random migration corroborates with polarity index data, once elongated shaped cells
presented a significant increase in cell speed and spatial trajectory when compared to
MSCs with rounded morphology [17]. Also Geifler et al. (2012) observed that
chronological and in vitro aging causes round-shaped MSCs and diminished migration
potential along with a decrease in the expression of genes associated with cytoskeletal
organization [26]. Considering that the homing process is a key step for MSCs to
participate in tissue repair and immunomodulation, the modification on polarity index
promoted by guarana could affect cellular migration possibly contributing to cell therapy.

Changes in cell viability could result in a diminished number of cells and a low
effectiveness of cell therapy. We demonstrated here that guarana and caffeine in the
studied concentrations did not impair the viability of human derived MSCs. Nuclear
morphometry can indicate several cell fates such as early apoptosis and senescence, which
may compromise MSC quality for therapeutic purposes. No biologically relevant
difference was observed in nuclear morphometry or cell cycle indicating that treatments
studied here are not toxic for MSCs. Zeidan-Chulia et al. (2013) however reported that
guarana 12.5-50 mg/mL and its combinations with caffeine promoted signs of apoptosis,
including membrane blebbing, cell shrinkage, and cleaved caspase-3 positivity
on human neuronal SH-SY5Y cells [8]. On the other hand corroborating with our data Da
Silva Bittencourt et al. (2014) showed that guarana (10, 100, and 1000 pg/mL) actually
improved induced toxicity on the same cell line demonstrating that different
concentrations could influence biologically effects [3]. Also protective effects were
observed on NIH-3T3 fibroblasts [7].

Interestingly we observed that cells cultured in the presence of guarana 1000
ng/mL presented lower population doubling values compared to the control group which

may be associated with the presence of tannins [27]. However this scenario of lower



proliferation is also observed when MSCs are primed with interferon a very powerful
priming agent knowing for induce a strong immunomodulatory phenotype with high IDO
activity, PD-L1 expression and potential to inhibit lymphocyte proliferation [28,29].
Nevertheless, flow cytometry showed no effects in MSCs cell cycle, indicating no MSC
cycle arrest in the concentrations studied. These results are interesting once that P. cupana
can be used as a source of bioactive activating substances, generating cellular products
with lower potential of tumorigenesis after transplantation [30,31].

Mitochondria are the main energy-producing organelles and play a key role in the
regulation of cellular bioactivity [32], and their transmembrane potential is eventually
lost after significant cellular damage [33]. Lu et al. (2018) has observed improvements in
mitochondrial membrane potential of activated MSCs and this was associated with
superior therapeutic effects [34]. Here we demonstrate that guarana (100 and 1000 ug) as
well as caffeine not only preserved mitochondrial membrane potential but also promote
a significant hyperpolarization. Actually, guarana (1000 ug/mL) promoted an increase in
cell viability thought MTT assay which is a mitochondrial dehydrogenase presented in
the living cells. Recently Bortolin et al. (2019) demonstrated that guarana was able to
induce mitochondrial biogenesis suggesting AMPK activation on brown adipose tissue
[35]. This is especially interesting because it is known that MSC acts also through the
transfer of healthy organelles (including mitochondria) to the host cells [36].

Autophagy is critical for maintenance of bioenergetics and cell viability in vitro,
and also plays an essential role in survival of the whole organism in vivo. Its depletion
inhibits autophagosome formation by interacting with phosphatidic acid on endosomes,
thereby preventing endosomal development into autophagosomes [37]. In vitro, normally
human mesenchymal stem cells exhibited a high level of constitutive autophagy but it can
be up or downregulated in stress or differentiation [38]. We observed that guarana 1000
ug/ml significantly reduced autophagy levels. Remarkably De Witte et al. (2018) recently
demonstrated that priming MSC with IFN promotes the metilation of HS1BP3 a gene
implicated in the regulation of MSC autophagy [39].

Finally, we show that higher concentration of guarana extract provides higher
levels of reduced thiols, demonstrating the P. cupana antioxidant effects observed in cell
lines are also present on MSC [3,7]. This effect may be associated with the presence of
caffeine, theobromine, tannins, catechins and epicatechins [40]. However, here the
treatment with proportional caffeine concentration were similar to the effects observed

on the control group, confirming the need for mix of compounds, which are present in



guarana, in order to promote higher levels of antioxidant potential. Such cellular
characteristic can help reduce apoptosis levels among other damages present in induced
oxidative stress [41].

Conclusion

In conclusion, the present study shows in vitro evidence that guarana could be a
promising alternative for activating mesenchymal stromal cells in order to promote better

cellular products for future clinical therapies.
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Figure Legends

Figure 1. MSCs morphometry (A) Human MSCs morphology after 24 h treatment with
guarana (P. cupana) or caffeine. Rhodamine-phalloidin and DAPI staining. (B) Cell area:
G100 and C4 cells were significantly lower **p<0.001 *p<0.05. (C) Cell polarity index:
G1000 presented the most elongated cells (****p<0.0001), while C0.4 cells showed the
opposite (*p<0.05). (D) Nuclear morphometric analysis. Numbers indicate the
percentage of nuclei in each category (N normal, S mitotic, SR apoptotic, SI small and
irregular, LR senescent, LI large and irregular, I irregular). Analysis was performed using
one-way ANOVA and Tukey's post-hoc multi-comparative test. Data are presented as
mean = standard error (SE). G: guarana 10, 100 and 1000 pg/ml; C: caffeine 0.4, 4 and
40pg/mL.

Figure 2: Cell viability. (A) MTT assay of human mesenchymal after 24h of guarana or
caffeine treatment. **p< 0.001 between G1000 and all other groups. (B) Mithocondrial
membrane potential of human mesenchymal stromal cells using mean values of intensity
(red/green) ratio quantification of JC-1. **p=0.0016 between G100 and G1000 and ##
p=0.002 regarding C0.4, C4 and C40 comparing to control. Data are presented as mean
+ standard error (SE). Analysis was performed using one-way ANOVA and Tukey's post

hoc multi-comparative test

Figure 3: Antioxidant Potential. Quantity of thiols reduced per mg of protein after 24
hours of treatment with guarana (P. cupana) or caffeine. G: guarana 10, 100 and 1000
ug/ml; C: caffeine 0.4, 4 and 40ug/mL. Data are presented as mean + standard error (SE).
The analysis was performed using one-way ANOVA and Tukey's post-hoc multi-
comparative test. *p=0.0224 between G1000 and the C4 and C40 groups.

Figure 4. MSC Growth Kinetics. (A) Number of Population Doubling after 24h of
treatments with guarana (P. cupana) or caffeine. *p<0.01 between G1000 and control,
G10 and CO0.4 groups; #p<0.01 between G100 and the control, G10, C0.4, C4 and C40
groups. (B) Percentage of autophagic cells stained with acridine orange after 24h of
guarana or caffeine treatments. * p<0.05 between G1000 and control. (C) MSC cell cycle
after 24h of guarana (P. cupana) or caffeine treatment. Data are presented as mean +
standard error (SE). Analysis was performed using one-way ANOVA and Tukey's post

hoc multi-comparative test.
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INTRODUCTION
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figure or table.Letters to the editor: The journal welcomes correspondence. Letters may be submitted
as free text. Accompanying references, figures and tables should be submitted using the format for
original papers.
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Subject to peer review and editorial modifications for style and presentation.

Other formats: The journal will accept free-text submissions describing meeting reports, regulatory
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will be published as "Meeting Reports" or "Letters to the Editor".

Terminology Update: In concordance with ISCT guidelines Cytotherapy defines "MSC" as
‘'mesenchymal stromal cells' in preference to the historical term 'mesenchymal stem cell.’
Prior to publication, references to 'mesenchymal stem celll in a submitted manuscript
will be changed to 'mesenchymal stromal cell' throughout the text, figures, tables, and
supplementary materials. For additional information, see "Clarification of the nomenclature
for MSC: The International Society for Cellular Therapy position statement" (available at:
http://www.sciencedirect.com/science/article/pii/S1465324905708276).

Manuscripts should be submitted online: http://ees.elsevier.com/jcyt. New users should start by
creating an account and then follow the instructions provided. Manuscripts are submitted through the
Author Centre. Authors for invited articles should follow the instructions given in the invitation e-mail.
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You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

» All figures (include relevant captions)

« All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked’

» All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* A competing interests statement is provided, even if the authors have no competing interests to
declare

» Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Cytotherapy considers research and publication misconduct to be a serious breach of ethics, and
will take such actions as necessary to address such misconduct. Authors should refer to the
Committee on Publication Ethics (COPE) and the International Committee of Medical Journal Editors
for full information. Authors are also encouraged to visit Elsevier's Ethical Guidelines for Journal
Publication. Plagiarism and duplicate submission are serious acts of misconduct. Plagiarism is defined
as unreferenced use of published or unauthorized use of unpublished ideas, and may occur at any
stage of planning, researching, writing, or publication. Plagiarism takes many forms, from 'passing off"
another's paper as the author's own paper, to copying or paraphrasing substantial parts of another’s
paper (without attribution), to claiming results from research conducted by others. Plagiarism in
all its forms constitutes unethical publishing behavior and is unacceptable. Duplicate submission/
publication occurs when two or more papers, without full cross-reference, share the same hypothesis,
data, discussion points, or conclusions. Identifying information should not be published in written
declarations, photographs or pedigrees. Do not reveal patients' names, initials or hospital numbers,
for example in illustrative material. Photographs of human subjects must be accompanied by informed
consent of the person(s) concerned and requires that the person should see the manuscript before
publication. Faclal features must be unrecognizable. The Editorial Office may request the authors to
supply a PDF copy (or paper copy) of an ethical committee approval for articles describing animal
experiments or clinical studies/trials (patients, patient material, medical records), including a verified
and official translation of such documents. State in the ethics section that the procedures of the
study received ethics approval from the relevant and named national, regional or institutional ethics/
review committee(s) responsible for human/animal experimentation. Supply the date of issue and
registration number. If no ethics approval was received, explain why, including an explanation as to
how the study adhered to the Helsinki Declaration. If deemed necessary by the Editors, cases will be
submitted to COPE (Committee on Publication Ethics).
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Permissions

Permission to reproduce material published in other journals must be sought by the authors
before publication of the article. A note about permissions granted should be included in
the cover letter submitted together with the manuscript. More information can be found
at https://www.elsevier.com/permissions. Permission to republish material from Cytotherapy
can be sought directly online. Look for the article on the journal website and use the
"Rights/Permissions” or "Permissions & Reprints" link. For more information please visit:
https://www.elsevier.com/permissions.

Authors are responsible for recognizing and disclosing any conflict of interest, or potential conflict
of interest, that may bias their work, or could be perceived to bias their work, and acknowledge all
financial support and any other personal connections. Cytotherapy adheres to the ICMJE guidelines,
including those on Conflict of Interest and Authorship. Please indicate any activities that apply to the
past five years and foreseeable future. Authors must complete the Journal's Conflict of Interest form
and upload it with their manuscript and figure files during the electronic submission process. See also
https://www.elsevier.com/conflictsofinterest.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication’ for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication’ for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she’, 'his/her’ instead of 'he' or 'his’, and by making use of job titles that are free of stereotyping
(e.g. 'chairperson’ instead of 'chairman’ and 'flight attendant’ instead of 'stewardess’).

Cytotherapy will not publish clinical trial data unless the manuscript indicates that approval by a local
ethical committee, and informed consent has been obtained according to the Helsinki Declaration.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
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excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such invelvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Subscription

» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

+ No open access publication fee payable by authors.

* The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

+ Articles are freely available to both subscribers and the wider public with permitted reuse.

* A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3300, excluding taxes. There is a 20%

discount off the open access publication fee for members of the 1SCT®. Learn more about Elsevier's
pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
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parts of the material in a minority language. Authors are welcome to recommend reviewers in the
cover letter, particularly if they are Cytotherapy editorial board members. Associate Editors should
not be recommended as reviewers.

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check’
functions of your word processor.

Manuscript files should be structured as follows: (1) Title page; (2) Abstract; (3) Keywords; (4)
Abbreviations; (5) Main text; (6) Acknowledgments; (7) Disclosure of Interest; (8) References; (9)
Legends of Figures and Tables; and (10) Tables and/or Figures.
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Manuscript Style

The text should be double-spaced with generous margins. Times New Roman in 12 pt size is the
preferred font style. Smaller spacing and font may be used for references, tables and figure legends.
Subheadings may be used for clarification in the Material and Methods and Results sections, and must
clearly differentiate from the main text using appropriate font style.

The Title page should include: (a) Full title (avoid abbreviations in the title); (b) Running title (for
page heading, maximum of 50 characters); (c) All contributing authors with full name, title and
affiliation; and (d) Corresponding author details with e-mail address (to which all decision letters and
page proofs will be communicated).

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

The Abstract should be 250 words or less and divided into subheadings: (1) Background; (2)
Methods; (3) Results; (4) Discussion; and (5) Keywords. Only approved abbreviations may be used in
the abstract without definition. Review Articles should include a "block style" nonstructured abstract.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Key Words: After the abstract, please include 3-10 keywords placed in alphabetical order and
according to the Medical Subject Headings list of Index Medicus.

Abbreviations used in the text should all be explained and listed on a separate page after the
Abstract. A phrase is spelled out when used for the first time followed by an appropriate abbreviation
in parentheses. Abbreviations must be spelled out in figure legends and footnotes of tables. If the
article contains many non-standard abbreviations, a separate list with explanations must be provided.

Acknowledgment: Include only those who have made a valuable contribution to the work presented
but who do not qualify as authors, with their contribution described. This may include a patient
population and funding bodies. Use plain language and avoid adjectives. If appropriate, funding for
publication, for writing or editorial assistance may be added.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAP: Symbols,
Units, Nomenclature and Fundamental Constants in Physics for further information.
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Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Electronic Artwork

The number of figures should be kept to a minimum. There should preferably not be any repetition/
overlap of information given in figures and text. Figures should be submitted as separate files in their
native file format in the best possible quality. Figures must be numbered and quoted consecutively
in the text. Format: EPS or TIFF preferred. Resolution: 1200 dpi greyscale mode for black and white
images such as graphs and log scales, 600 dpi greyscale mode for images such as gels or blots, and
300 dpi CMYK mode for colour images. A figure should be no larger than 160mm in width and 200mm
in height at the appropriate resolution. Figures with resolution lower than specified will not reproduce
correctly and could delay publication. For more information on submission guidelines for figures, visit
https://www.elsevier.com/artworkinstructions.

Color Artwork

For illustrations in color in the printed version of the journal, the authors are required to pay the
charges at USD 650 for the first color figure, and USD 100 for each additional color figure. However,
illustrations may be printed in black and white in the hard copy and published in color in the online
version of the journal without charge.

Figure Captions

Include the figure number in the figure caption (in Arabic numerals). Every panel appearing in the
artwork should be defined in the legend. Define scale bars in figure legends, not in the artwork.
Legends should be intelligible without reference to the text. Abbreviations defined in the text do not
have to be defined again in the figure legends.

As with figures, the number of tables should be kept to a minimum and preferably not repeat
information already found in the text. Tables should be intelligible without reference to the text and
should supplement, not duplicate it. Each table should be included in the main manuscript file on a
separate page after the references. If tables are uploaded separately, they must be in Word or Excel.
The title should be typed above the first line of the table, and should include the number of the table
(Roman numerals). Footnotes are indicated by using lower case alphabets as superscripts. P values
are given as numbers (not as *, ** ***) Abbreviations defined in the text do not have to be defined
again in the table key.

The total number of references should not exceed 100. Number references consecutively in the order
in which they are first mentioned in the text. Identify references in the text, tables and legends by
Arabic numerals within brackets, i.e. [1]. References cited in tables and figure legends should be
numbered in accordance with a sequence established by the first identification in the text of the
particular table or illustration. The titles of the journals should be abbreviated according to the style
used in Index Medicus. List all authors when 6 or fewer; when 7 or more, list the first six and add
‘et al'. If a journal carries continuous pagination throughout a volume the month and issue number
are omitted in the reference list. Page numbers are given as "2284-90", not "2284-2290." The use of
abstracts in the list of references should be avoided. Manuscripts accepted but not yet published are
designated 'in press.' Unpublished observations as well as manuscripts submitted but not yet accepted
should be cited in the text only as 'unpublished observations’ with the authors’ initials, surname and
institution, as well as the year when the observation was made. The references must be verified by
the authors against the original documents.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.
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A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001]JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/cytotherapy

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9. https://dol.org/10.1016/j.5¢.2010.0037 2.

Reference to a journal publication with an article number:

[2] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205

Reference to a book:

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000,
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Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.
Reference to a website:

[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003].

Reference to a dataset:

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
Xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Cytotherapyaccepts supplementary data files to accompany the online article, allowing authors
to support and enhance their papers. Supplementary materials may include additional images,
tables, datasets, video clips, etc. All supplementary materials are subject to peer review, however,
supplementary materials will not be edited, and will be posted as provided by the authors. There
are no limitations for length, figures and references in Supplementary Materials. All Supplementary
Materials should be cited within the text of the manuscript.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References"” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

Manufactured reagents: When referring to manufactured reagents, please list company name, city,
state, and country in brackets following the name of the product/item.

Use of statistics: The results should be quantified and presented with appropriate indicators of
measurement error or uncertainty (e.g. confidence intervals). The mean and standard deviation (SD)
should be given at a minimum; a sole reliance on the use of P values is not acceptable. The statistical
method(s) and/or package used should also be stated. The Results should be presented in a logical
sequence, and the Discussion should commence with a presentation of the major findings of the study
and conclude with the implications and/or applications of the findings. Review Articles are structured
more freely, yet the above instructions on statistics should be applied, when relevant.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
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accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com



