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RESUMO

Uso tépico de células-tronco mesenquimais heterélogas de tecido adiposo
canino no tratamento da ceratoconjuntivite seca em caes

A ceratoconjuntivite seca (CCS) €& uma doenga ocular inflamatéria crénica,
principalmente imunomediada em cédes e homens. Estudos descrevem o uso de
células tronco mesenquimais (CTM) injetavel na glandula lacrimal canina no
tratamento da CCS. Este € o primeiro estudo com uso tépico de CTM que seria uma
técnica mais pratica. O objetivo desta pesquisa foi analisar a eficacia do uso topico
de CTM heterdlogas de tecido adiposo canino no tratamento da CCS em caes.
Foram utilizados 22 cdes com diagndstico bilateral para CCS avaliados pelos sinais
oculares, Teste Lacrimal de Schirmer 1 (TLS-1), Teste de Ruptura do Filme Lacrimal
(TRFL), Teste de Fluoresceina (TF) e Teste de Lissamina Verde (TLV). Para analise
citolégica foi realizado citologia esfoliativa conjuntival e para analise histopatoldgica
foi realizado biopsia conjuntival e pungao aspirativa por agulha fina da %Iéndula da
terceira palpebra. Os animais foram tratados topicamente com 50ul (1x10°> CTM), em
ambos os olhos, em 4 aplicagbes com intervalo de 7 dias, e colirio lubrificante a
base de propilenoglicol, 1 gota, 3 vezes ao dia, em ambos os olhos, somente por 30
dias, e observados por 180 dias com exames oculares periddicos. Houve uma
melhora significativa (p<0.05) nos sinais clinicos oculares e na resolugdo das ulceras
de cérnea, e aumento significativo (p<0.05) no TRFL e TLS-1, até o final do estudo.
Houve retorno de secrecgéo ocular e conjuntivite em 7 animais (31,8%) até o final do
estudo. Tanto na avaliagdo citologica quanto histopatolégica houve aumento
significativo (p<0.05) do numero das células caliciformes e diminuicdo significativa
(p<0.05) das células inflamatérias polimorfonucleares e mononucleares,
metaplasicas e escama cornea. Houve reducéo de todos os marcadores (CD4, IL-6,
IL-1, TNFa) em ambas as técnicas histopatoldgicas avaliadas (imunohistoquimica e
imunocitoquimica). O uso topico de CTM e o protocolo terapéutico utilizado
demonstraram grande potencial no tratamento adjuvante da CCS. Houve diminui¢cédo
significativa dos marcadores inflamatorios. Além disso, esses marcadores podem ser
excelentes ferramentas para o diagnéstico e progressdo da CCS, porém, alguns
animais apresentaram retorno dos sinais clinicos da CCS, possivelmente devido a
uma reativacdo da agressdo imunomediada as glandulas lacrimais. Desta maneira,
mais estudos devem ser realizados para minimizar a agressao imunomediada,
possivelmente com o uso de imunossupressores apos a aplicacao topica de CTM.

Palavras-chave: Células-tronco mesenquimais. Topico. Ceratoconjuntivite seca.
Marcadores Imunoldégicos. Olho seco. Citologia. Histopatologia, Caes.



ABSTRACT

Topical use of heterologous mesenchymal stem cells of canine adipose tissue
in the treatment of dry keratoconjunctivitis sicca in dogs

Dry keratoconjunctivitis (CCS) is a chronic inflammatory ocular disease, mainly
immunomediated in dogs and men. Studies describe the use of injectable
mesenchymal stem cells (CTM) in the canine lacrimal gland in the treatment of CCS.
This is the first study with topical use of CTM that would be a more practical
technique. The objective of this research was to analyze the efficacy of topical use of
heterologous CTMs of canine adipose tissue in the treatment of CCS in dogs.
Twenty-two dogs with bilateral diagnosis for CCS evaluated by ocular signs,
Schirmer's Lacrimal Test 1 (TLS-1), Lacrimal Film Rupture Test (TRFL), Fluorescein
Test (TF) and Green Lissamina Test (TLV) were used. For cytological analysis,
conjunctival exfoliative cytology was performed and histopathological analysis was
performed conjunctival biopsy and fine needle aspiration of the gland of the third
eyelid. The animals were topically treated with 50ul (1x106 CTM) in both eyes in 4
applications at 7 day intervals, and propylene glycol lubricant eye drops, 1 drop, 3
times a day, in both eyes, for only 30 days, and observed for 180 days with periodic
ocular exams. There was a significant improvement (p <0.05) in ocular clinical signs
and resolution of corneal ulcers, and a significant (p <0.05) increase in TRFL and
TLS-1 by the end of the study. There was a return of ocular secretion and
conjunctivitis in 7 animals (31.8%) until the end of the study. In the cytological and
histopathological evaluation, there was a significant increase (p <0.05) in the number
of goblet cells and a significant decrease (p <0.05) in polymorphonuclear and
mononuclear, metaplastic, and corneal scales. All markers (CD4, IL-6, IL-1, TNFa)
were reduced in both histopathological techniques evaluated (immunohistochemistry
and immunocytochemistry). The topical use of CTM and the therapeutic protocol
used demonstrated great potential in the adjuvant treatment of CCS. There was a
significant decrease in inflammatory markers. In addition, these markers may be
excellent tools for the diagnosis and progression of CCS, but some animals showed
a return of clinical signs of CCS, possibly due to a reactivation of immune-mediated
aggression to the lacrimal glands. In this way, more studies should be performed to
minimize the immune-mediated aggression, possibly with the use of
immunosuppressants after the topical application of CTM.

Key words: Mesenchymal stem cells. Topic. Dry keratoconjunctivitis. Immunological
Markers. Dry eye. Cytology. Histopathology, Dogs.
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Topical mesenchymal stem cells improve clinical signs and ocular exams in animal
model with keratoconjuntivitis sicca
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Abstract

Background: Keratoconjunctivitis sicca (KCS) is a chronic inflammatory ocular disease that
is mainly immune-mediated in dogs and humans. Studies have described the use of
injectable mesenchymal stem cells (MSC) in the canine lacrimal gland in the treatment of
KCS. This is the first study to report the topical use of MSC as a more practical technique.
The objective of this research was to analyze the efficacy of the topical use of heterologous
MSC of canine adipose tissue in the treatment of KCS in dogs.

Methods: The ophthalmic signals of twenty-two dogs with a bilateral positive diagnosis of
KCS were evaluated with a slit lamp (ocular secretion, conjunctivitis, corneal opacity, corneal
pigmentation and neovascularization) and the Schirmer tear test-1 (STT-1), fluorescein test
(FT), lissamine green test (LGT) and tear film break-up time (TBUT), and cytological and
histopathological analysis was conducted. In the conjunctival sac, 50 pl (1x10° MSC) was
used topically in 4 applications with intervals of 7 days, and 1 drop of lubricant eye solution
was applied 3 times a day for 1 month. The dogs were then followed monthly for 6 months.

Results: There was a significant improvement (p<0.05) in the clinical ocular signs and
resolution of corneal ulcers and a significant (p<0.05) increase in STT-1 and BUT values by
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the end of the study. There was a return of ocular secretion and conjunctivitis in 7 animals
(31.8%) until the end of the study. Cytological and histopathological evaluation showed that
there was a significant decrease (p<0.05) in the number of polymorphonuclear, mononuclear,
metaplastic, and squamous cells and a significant increase (p<0.05) in the number of goblet
cells.

Conclusions: The topical use of MSC and the therapeutic protocol utilized demonstrated
great potential in the adjuvant treatment of KCS; however, some animals showed a return of
the clinical signs of KCS, possibly due to a reactivation of immune-mediated aggression to
the lacrimal glands. Therefore, more studies should be performed to avoid the return of
immune-mediated reactions after the use of MSC.

Keywords: Mesenchymal Stem Cells, Topical, Dry Keratoconjunctivitis, Dry Eye, Cytology,
Histopathology, Dogs.

Background

Keratoconjunctivitis sicca (KCS), or dry eye syndrome, is a pathology of social,
economic and emotional importance because it is a chronic ocular degenerative
inflammatory disease that directly affects the quality of life of the patients. It is also one of the
major causes of ocular morbidity. KCS decreases the quantity of tears, modifies their quality
and/or decreases their stability, leading to greater evaporation. Ocular signs include
mucopurulent secretion, conjunctivitis, keratitis, pigmentation and corneal ulcer, leading to
ocular discomfort and, in more severe cases, blindness [1-4].

Immune-mediated reactions in the lacrimal glands are the most important causes of
KCS in humans and dogs [5-7]. Therefore, dogs are an excellent animal model for the study
of this disease. Studies in patients with KCS attribute as the cause of chronic inflammation of
the ocular surface and lacrimal glands to increased levels of CD4 (T helper), cytokines,
tumor necrosis factor-a (TNFa), interleukins and interferon (IFN)-y [5-8]. The immuno-
mediated reaction mainly involves a decrease or alteration in tear film quality, a decrease in
mucin secretion and an increase in metalloprotease level [1-4]. Conventional KCS treatment
mainly consists of topical immunosuppressants, such as cyclosporine, tacrolimus,
pimecrolimus, and, more recently, lifitegrast. These immunosuppressants are associated
with lubricants or artificial tears, and one of their weaknesses is that they are palliative and
not curative, with the cost of topical immunosuppressive treatments ranging from medium to
high, and many KCS patients, after being treated for some time, no longer respond to
conventional therapy [1-3,9-15].

In this context, there is the possibility of using stem cells that have the capacity for
tissue regeneration and have shown therapeutic potential in the treatment of degenerative
ocular diseases such as dry eye [16-22]. Mononuclear stem cells can be multipotential
(hematopoietic stem cells) or pluripotent (mesenchymal stem cells - MSC). They have the
ability to differentiate into a variety of cell types, such as osteogenic, adipogenic,
chondrogenic, and myogenic cells and many other secretory cells, depending on
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physiological or experimental conditions [18-20]. The use of mononuclear stem cells is viable
because they can be cultivated and isolated, thus maintaining their potential [16-19].

The use of stem cells in immune-mediated diseases is explained by their regenerative
capacity that restores tissues destroyed by the action of autoantibodies and by their
immunomodulatory action caused by the release of bioactive molecules. These molecules
are immunosuppressive, especially for T helper CD4 lymphocytes and B lymphocytes, thus
inhibiting the release of interleukin as IL-6 present in KCS, in addition to stimulating
angiogenesis and cellular mitosis, inhibiting apoptosis and the release of proinflammatory
mediators [16-22].

Studies have described the efficacy of MSC in the treatment of KCS in laboratory
animals and dogs: injections in the lacrimal gland in mice with experimentally induced KCS
[18], topical use in rats with experimentally induced KCS by benzalkonium chloride (BAC)
[19], injections in the lacrimal gland in dogs with KCS refractory to conventional topical
treatments [20], injections into the dorsal lacrimal gland and third eyelid in dogs [21] and
injections around the nictitant and orbital gland in dogs with KCS [22].

Due to the importance of KCS in humans and dogs and the need for new therapies, the
objective of the present study was to analyzing the efficacy of the therapeutic protocol, the
route of administration and the use of heterologous MSC derived from the adipose tissue of
dogs.

Methods

Animals

Twenty-two dogs with bilateral positive diagnoses for KCS from the ophthalmology
service of the Veterinary Hospital of UNOESTE, Presidente Prudente, SP, Brazil, were used.

The animals included in the study presented a Schirmer tear test-1 (STT-1) score of 5-
10 mm/min or a tear film break-up time (TBUT) of < 15 seconds, in addition to presenting
ocular signs of KCS such as opacity, ocular secretion, conjunctivitis, pigmentation, and
neovascularization and ulcer of the cornea. Animals with STT-1 of 0-4 mm/min were
excluded from the study (due to the severity of KCS with the possibility of low presence of
viable cells in the conjunctiva, lacrimal gland and third eyelid that respond to MSC
treatment), cancer patients (due to the risk of neoplastic cell enlargement) and use of
corticosteroids and/or immunosuppressants for at least 1 month (due to possible interference
with the viability of the MSC). Animals that were not successfully treated during the first 30
days were directed to conventional treatment for KCS.

Experimental design

The animals were followed for 180 days (DO, D7, D14, D21, D30, D60, D90, D120, D150 and
D180). The ocular signs were evaluated with a slit lamp (ocular secretion, conjunctivitis,
opacity, and corneal pigmentation). The ophthalmic exams consisted of an Schirmer tear
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test-1 (STT-1) without anesthetic, fluorescein test (FT), lissamine green test (LGT), TBUT,
cytological analysis by conjunctival cytology (CC), and histopathological analysis by
conjunctival biopsy (CB). The experimental design with topical MSC treatment, with the time
in days, and the tests performed at each time are described in Table 1.

Table 1. Scheme of the experimental design of dogs (n=22) with bilateral keratoconjunctivitis
sicca and treated with heterologous mesenchymal stem cells (MSC) from canine adipose
tissue.

Time Treatment
Specific Tests*
(days) MSC Ocular Lubricant
0 No Clinical signs, STT-1, TBUT, FT, LGT, CC, CB
Treatment with — -
7 Yes . Clinical signs and STT-1
lubricant eye drops
14 Yes | DegdinsatdayOand Clinical signs and STT-1
remains for only 30
21 Yes | daysinboth eyes 3x Clinical signs and STT-1
daily
30 Yes Clinical signs and STT-1
60 No No Clinical signs, STT-1, FT, TBUT, LGT
90 No No Clinical signs, STT-1, FT, TBUT, LGT, CC
120 No No Clinical signs, STT-1, FT, TBUT, LGT
180 No No Clinical signs, STT-1, TBUT, FT, LGT, CC, CB

*(STT-1) Schirmer tear test-1, (FT) fluorescein test, (LGT) lissamine green test, (TBUT) tear
film break-up time, (CC) conjunctival cytology, (CB) conjunctival biopsy.

Ophthalmic exams

The ocular signs (opacity, pigmentation and neovascularization of the cornea, ocular
secretion and conjunctivitis) were evaluated with a portable slit lamp (Kowa, Japan) using the
following scores: (1) negative; (2) mild; (3) moderate; (4) severe. In addition, the dogs' eyes
were photographed at all times for macroscopic comparative analysis of disease
progression.

The STT-1 (Teste de Schirmer®- Laboratory Ophthalmos, Sdo Paulo, Brazil) was
performed without anesthetic eye drops to quantitatively evaluate the portion of the tear by
introducing 0.5 cm of the strip into the conjunctival sac for one minute; values < 10 mm/min
were considered positive. TBUT was used to qualitatively evaluate the portion of tears: two
measurements were made consecutively, and the mean was calculated. After instilling one
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drop of 1% fluorescein eye drops (Allergan, Sdo Paulo, Brazil) with the slit lamp (Kowa,
Japan), the time between the last blink and the first appearance of spots or dark spots on the
lacrimal film was considered positive for TBUT if the values were < 15 seconds.

The FT was performed using one drop of 1% fluorescein eye drops (Allergan, S&o
Paulo, Brazil). The eyes were washed with a physiological solution, and then the presence or
absence of corneal ulcers was evaluated and graded (1 - none, 2 - small superficial ulcer, 3 -
medium superficial ulcer, 4 - extensive superficial ulcer, 5 - small stromal ulcer, 6 - medium
stromal ulcer, 7 - extensive stromal ulcer, 8 — descemetocele, and 9 - keratomalacia or melt
ulcer).

The LGT was used to evaluate the presence of devitalized corneal and conjunctival
cells with a green lissamine strip (Laboratory Ophthalmos, Sao Paulo, Brazil); the strip was
placed in contact with the tear meniscus of the fundus of the lower bag, and the analysis was
carried out after 2 minutes. The following scoring system was used: (1) no staining, (2) only
the conjunctiva was stained, (3) only the cornea was stained, (4) both conjunctiva and
cornea were stained.

Cytological and histopathological analysis

Cytology was evaluated after the eye had been cleaned with a physiological saline
solution. Cells were obtained from the lower conjunctiva with a sterile swab that had been
moistened with the physiological solution. Staining was performed with the MGG technique
(May-Grunwald-Giemsa). Lymphocytes, neutrophils, metaplastic cells, and squamous cells in
10 fields were counted under an optical microscope with a 40x objective lens. The
histopathological examination was performed with a withdrawal of 1-3 mm after one drop of
Anestésico® eye solution (1% tetracaine hydrochloride + 0.1% phenylephrine hydrochloride,
Allergan, Sao Paulo, Brazil) was instilled in the fornix of the medial inferior conjunctiva using
tweezers and conjunctive scissors.

The histological section was placed on standardized paper 1 x 1 cm in size, fixed in
formaldehyde and embedded in paraffin (Dynamics Analytical Reagents, Sdo Paulo, Brazil).
With the help of a rotating microtome, 5-um-thick sections of the conjunctiva were obtained,
stained with hematoxylin and eosin (HE) (Dolles, Sao Paulo, Brazil) and PAS (Merck, USA)
and subsequently evaluated for the following parameters: polymorphonuclear and
mononuclear counts, presence of squamous metaplasia and edema using HE staining, and
goblet cell density in 10 fields using PAS counting with a 40x objective lens.

Mesenchymal Stem Cells

The MSC were supplied by the Regenera Laboratory of Campinas, Brazil and enrolled
in the Regional Council of Veterinary Medicine of the State of Sdo Paulo under CRMV-SP
33715-PJ (patent filing no. 860130011774). All MSC were tested to confirm their ability to
differentiate into osteoblasts, adipocytes, and chondrocytes and were adequately induced
under medium conditions. The expression of CD44, CD73, CD90, CD105 typical C-TM
markers, vimentin, nestin, and OCT3/4 and the absence of CD14, hematopoietic and CD45
markers were evaluated using an immunofluorescence assay. The cells were also screened
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for the elimination of pathogens and contaminants (e.g., bacteria, fungi, viruses, mycoplasma
and endotoxins). MSC were supplied in cryotube vials with 1x10° MSC unit doses per animal,
together with a defrosting solution, washing solutions 1 and 2 and the 3 Pasteur pipettes that
were required in the MSC preparation procedure.

The MSC were prepared as follows: a cryotube was thawed for 2 minutes in a water
bath at 37°C; then, the contents of the cryotube were immediately transferred to a centrifugal
thawing solution and centrifuged for 5 minutes at low speed (1100 rpm; relative centrifugal
force (RCF) = 216 g) (Fanem Centrifuge, Model 206BL). After centrifugation, the supernatant
was discarded, washing solution 1 was added, and the cells were homogenized gently until
the precipitate dissolved. The cells were centrifuged again at 216 xg and 1100 RPM for 5
minutes. After centrifugation, the supernatant was discarded, and washing solution 2 was
added. The cells were homogenized gently until the precipitate dissolved and were
centrifuged again at 216 xg and 1100 RPM for 5 minutes. The supernatant was discarded,
and 50 pl of saline was added. The cells were then gently homogenized with a Pasteur
pipette until the precipitate dissolved. The MSC could not remain in the physiological solution
for more than 10 minutes because after this time, they are impracticable for use.

The animals were topically treated in both eyes with MSC using a 50 pl/millimetric
pipette; 4 applications were performed every 7 days, and 1 drop of propylene glycol-based
lubricant eye drops was applied 3 times daily in both eyes, for a total of 30 days. Lubricating
eye drops were used only to promote ocular comfort during the MSC therapy because the
use of lubricant alone in the treatment of KCS is not considered a specific treatment but
rather a coadjuvant. The animals were followed for 180 days, weekly for the first 30 days and
monthly for the remainder of the period.

Statistical analysis

For the variables of STT-1, TBUT, goblet cell density, and numbers of squamous,
metaplastic, mononuclear and polymorphonuclear cells, we used two analyses of variance
(ANOVA) paired with contrast by Tukey's method. For the FT and LGT variables, we used
Friedman's nonparametric test with Dunn method contrasts. For binomial variables (clinical
signs), we used the McNemar chi-square test to compare moments. Significance was
adopted for P <0.05. The software used for statistical analysis was R version 3.2.2 (The R
Foundation for Statistical Computing, 2015).

Results

There was a significant improvement (p<0.05) in the clinical signs evaluated (opacity,
pigmentation and neovascularization of the cornea, secretion and conjunctivitis) after 180
days of treatment with topical application of heterologous MSC of canine adipose tissue
(Table 2). In the first 30 days of treatment, all the animals showed improvement. There was a
return of ocular secretion and conjunctivitis until the end of the study in 7 animals (31.8%),
which were later directed to conventional treatment with 0.03% topical tacrolimus.
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Table 2. Percentage of clinical signs observed in 44 eyes of 22 dogs with KCS before and
after topical treatment with heterologous MSC of canine adipose tissue (1x10° MSC/50 pL).

Clinical signs Before Treatment After Treatment

(Day 0) (Day 180)
Corneal opacity 45.5% (1) 84.0% (1)*
36.4% (2) 13.7% (2)*

11.3% (3) 21% (3)*

6.8% (4) 0% (4)

Corneal pigmentation 47.7% (1) 63.7 (1)*
38.6% (2) 35.3% (2)

4.5% (3) 1.0% (3)

9.0% (4) 0% (4)*

Corneal neovascularization 61.4% (1) 79.6% (1)
22.7% (2) 11.4% (2)*

15.9% (3) 9.0% (3)*

0% (4) 0% (4)
Conjunctival secretion 15.9% (1) 59.1% (1)*
65.9% (2) 36.4% (2)*

11.3% (3) 4.5% (3)*

6.8% (4) 0% (4)*
Conjunctivitis 29.5% (1) 63.6% (1)*
43.3% (2) 27.3% (2)*

22.7% (3) 9.0% (3)*

4.5% (4) 0% (4)*

(1) negative; (2) mild; (3) moderate; and (4) severe.

*p <0.05 (McNemar chi-square test compared to zero moment)
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There was a significant (p<0.05) increase in STT-1 from D14 to D180 (Fig. 4A). In
TBUT, the increase was significant (p<0.05) from D60 until the end of the study on D180

(Fig. 4B).
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Fig. 1 (A) Mean and SD of STT-1 (mm/min) and (B) mean and SD of TBUT (seconds) of 44
eyes of 22 dogs with KCS before and after topical treatment with MSC heterologous canine

adipose tissue (1x10° MSC/50 pL).

*p<0.05 (Tukey test compared to zero moment)

According to the FT values of the 44 evaluated eyes of the 22 dogs with topical MSC
treatment, on DO, 81.8% (36 eyes) were negative for ulcers, and 18.2% (8 eyes) were
positive, 5 eyes had small superficial ulcers, 2 eyes had small stromal ulcers, and 1 eye had
descemetocele. After 30 days (D30), all eyes positive for FT stained negative for FT. The
most severe case of ulcer was animal n. 22, with descemetocele at time zero and with

complete healing sixty days after MSC treatment (Fig. 2).
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Fig. 2 Right eye (OD) of animal n. 22 before (A) and after (B) topical treatment with
heterologous MSC from canine adipose tissue (1x10°® MSC/50 uL). (A) OD on DO presenting
descemetocele (arrow). (B) OD on D60 with completely healed cornea.

According to the LGT values, on DO, of the 44 eyes analyzed, 52.2% (23 eyes) stained
negative, only the conjunctiva was stained in 6.8% (3 eyes), only the cornea was stained in
13.7% (6 eyes), and both conjunctiva and cornea were stained in 27.3% (12 eyes). On D180,
100% of the eyes stained negative for LGT.

The evaluation of the inflammatory and desquamative cells from conjunctival cytology
(Fig. 3) showed that there was a significant (p<0.05) decrease in the number of
polymorphonuclear, mononuclear and squamous cells on D90 and D180 and of metaplastic
cells on D90. The histopathological evaluation of the conjunctiva (Fig. 4) showed that there
was a significant decrease (p<0.05) in the number of polymorphonuclear and mononuclear
inflammatory cells on D180.

The evaluation of the goblet cell density from conjunctival cytology (Fig. 3) showed that
the values had a significant increase (p<0.05) on D90 and D180. The assessment of goblet
cell density from conjunctival histopathology (Fig. 4) showed that there was also a significant
increase (p<0.05) on DO and D180.
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Fig. 3 Conjunctival cytology of 44 eyes of dogs (n=22) with KCS before and after topical
treatment with MSC heterologous canine adipose tissue (1x10° MSC/50 uL). Photographs of
slides with MGG staining at 400x magnification: (A) large number of polymorphonuclear cells
in the middle of dense mucus (DO0), (B) a large number of goblet cells (arrow) in the middle of
rare polymorphonuclear cells (arrowhead) (D90), (C) large number of goblet cells
(arrowhead) in the middle of rare polymorphonuclear cells (arrow), mononuclear cells (thin
arrow) and fluid mucus (D180). The mean and SD of the cell counts from the conjunctival
cytology analysis: (D) polymorphonuclear, (E) mononuclear, (F) metaplastic, (G) squamous
and (H) goblet cells at 0 (D0), 90 (D90) and 180 (D180) days after topical treatment with
heterologous MSC from canine adipose tissue (1x10° MSC/50 pL).

*p<0.05 (Tukey test in relation to MO0).
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Fig. 4 Conjunctival histopathology of 44 eyes of dogs (n=22) with KCS before (D0) and after
(D180) topical treatment with MSC heterologous canine adipose tissue (1x10° MSC/50 pL).
Photomicrograph at a magnification of 400x of conjunctiva in A, C, D stained with
hematoxylin-eosin (HE) and of B and E in PAS. (A) Intense mononuclear infiltration in the
stroma (arrow) on DO, (B) absence of goblet cells (arrow) on DO, (C) area of squamous
metaplasia of the epithelium (arrow) on DO, (D) image of mononuclear infiltration in the
stroma (arrow) on D180, and (E) image of a large number of goblet cells (arrow) on D180.
Mean and SD of the cell counts from conjunctival histopathology: (F) polymorphonuclear, (G)
mononuclear, and (H) goblet cells.

*p<0.05 (Tukey’s test) in relation to MO.
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Discussion

This is the first study of the topical use of MSC in the treatment of dogs naturally affected
with KCS. The present study presents a simpler technique of MSC administration, using a
topical and noninjectable route and a larger number of eyes as an animal model for
understanding this disease.

The use of topical MSC significantly improved the symptoms observed in the 22 dogs
with KCS (Table 2). Most of the animals continued to show improved symptoms until the end
of the 6-month observation period, and only 7 animals had a recurrence of ocular secretion
and conjunctivitis until the end of the study. The return of these symptoms in some animals
may be due to the return of immune-mediated attack on lacrimal gland cells [5-7]. In a study
in which three dogs were treated with MSC inoculated around the nictitans and orbital
glands, the symptoms were reported to worsen in the first 3 months of appearance and in
subsequent months, depending on the stage of KCS [22].

From the evaluation of the aqueous portion of the tear with STT-1, we can observe a
significant increase up to 90 days with a decrease in the values in 120 days; however, these
values were still higher than those observed initially and increased again from 120 to 180
days. This increase may be related to the return of the symptoms in some animals,
especially of immune-mediated reactions to the lacrimal glands, the main producers of the
aqueous portion of the precorneal tear film. Other studies have also shown an increase in
STT values with topical use in rats [19] and with injections of MSC in the lacrimal gland in
mice [18] and dogs [20,21,22]. In contrast to STT-1 values, TBUT values, which indirectly
reflects the quality of the precorneal tear film produced by the Tarsal or Meibomian and Zeis
glands located in the palpebral margin [23, 24], showed a significant increase from 60 days
until the end of the study (180 days).

An improvement in the healing of corneal ulcers was observed with the FT in all
positive animals, including in those with severe ulcers such as descemetocele; this
phenomenon has also been described in other studies with the use of MSC [18,20,21]. The
results of the LGT, which was used to evaluate the presence of devitalized corneal and
conjunctival cells at the beginning of the study, showed that 47.8% of the eyes had some
marking on the conjunctiva or cornea; in the end, no marking was observed, showing an
improvement in the ocular surface after topical treatment with MSC.

Both cytological and histopathological analysis of the conjunctiva showed a significant
decrease in the number of inflammatory cells and a significant increase in the number of
goblet cells until the end of the study (180 days). The cytologic analysis of the conjunctiva
showed a significant decrease in the number of metaplastic cells at 90 days. These results
may be due to the regenerative capacity of MSC that restores tissues destroyed by the
action of autoantibodies. MSC also have an immunomodulatory action caused by the release
of bioactive molecules that are immunosuppressive, especially for CD4 T helper and B-
lymphocytes, thus inhibiting the release of interleukin-like IL-6 present in keratoconjunctivitis
sicca [16-18], in addition to stimulating angiogenesis and cellular mitosis, inhibiting apoptosis
and the release of proinflammatory mediators [17].
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The increase in goblet cell density observed with the use of topical MSC was extremely
relevant. The observed increase in histopathology was approximately 3 times higher than
that at the beginning of the study. Goblet cells are responsible for the production of mucin in
the prelacrimal film, which helps lubrication and maintains the quality of the ocular surface
[24]. Lee et al. also observed a significant increase in goblet cell density and an improvement
in ocular surface quality in MSC-treated mice [18]. Of all the studies already published by our
research group on several types of KCS treatments using immunosuppressants with or
without being associated with omegas in rabbits [25-27] and dogs [29,30], the use of topical
MSC as a treatment of KCS presented the greatest increase in goblet cell density at the end
of the study. This significant increase in the number of goblet cells with the use of MSC is
directly related to the action potential of MSC to increase the number of cells of a tissue, in
this specific case the conjunctival goblet cells, thus improving the quality of the prelacrimal
film and the ocular surface [17,18].

Conclusion

The topical use of MSC and the therapeutic protocol utilized demonstrated great
potential in the adjuvant treatment of MSC due to significant improvement in clinical signs,
significant increase in the quantitative and qualitative portion of tear, significant decrease in
inflammation and significant increase in the number of goblet cells. However, some animals
showed a return of the clinical signs of KCS, possibly due to a reactivation of immune-
mediated aggression to the lacrimal glands. Therefore, more studies should be performed to
minimize immune-mediated aggression after the topical application of MSC.
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ABSTRACT

Keratoconjunctivitis sicca (KCS) is of predominantly immune-mediated origin. Dogs are an excellent
model for understanding this disease, as the origin of KCS in dogs is similar to that in humans. The
objective of this study was to localize and quantify immunological markers such as CD4 lymphocytes,
interleukin (IL)-1, IL-6 and tumor necrosis factor alpha (TNFa) before and after topical treatment with
mesenchymal stem cells (MSC). Twenty-two dogs positive for KCS were topically treated with 50 pl
(1x10° MSC) in the conjunctival sac and evaluated for 6 months. The levels of the markers CD4, IL-6,
IL-1 and TNFa were analyzed in conjunctival biopsy and cytology of the third eyelid gland by
immunohistochemistry and immunocytochemistry techniques. The results showed that before
treatment, there was marked expression of all the markers (CD4, IL-6, IL-1 and TNFa), and after 6
months, there was a significant (p<0.05) reduction in the expression of all the markers. The results
demonstrated that topical MSC treatment promotes a significant decrease in the expression of these
inflammatory markers and could be used as adjuvant therapy in the treatment of KCS in dogs and
humans. In addition, these markers can be excellent tools for diagnosing and analyzing the

progression of KCS.
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1. Introduction

Keratoconjunctivitis sicca (KCS), or dry eye syndrome, a mainly immune-mediated and
degenerative disease that directly affects the vision and quality of life of patients, is one of the major
causes of ocular morbidity in dogs and humans, and dogs are excellent animal models to understand
this disease (Williams, 2008; McGinnigle et al., 2012; Stevenson et al.,, 2012; Stern et al., 2013;
Messmer, 2015).

Immune-mediated reactions that affect the lacrimal glands are the main causes of KCS,
affecting tear quality and/or quantity and causing inflammation of the ocular surface with signs
including mucopurulent ocular secretion, conjunctivitis, keratitis, ulcers and corneal pigmentation
(Williams, 2008; Barabino et al., 2012; Stevenson et al., 2012; Stern et al., 2013; Messmer, 2015;
Dodi, 2015). In humans, another autoimmune disease that significantly affects tear quality is
Sjogren's syndrome, which affects mainly women (Chen et al., 2012; Mavragani and Moutsopoulos,

2014).

Immunohistochemical studies have demonstrated the accumulation of various inflammatory
markers on the ocular surface in immune-mediated KCS, such as CD4 T lymphocytes (T helper cells)
(Tang-Liu and Acheampong, 2005; Zhang et al., 2011; Stevenson et al., 2012; Coursey et al., 2013;
Stern et al., 2013; Vijmasi et al., 2014; Villatoro et al., 2015), interleukin (IL)-1 and IL-6 (Kwok et al.,
2012), tumor necrosis factor alpha (TNFa) (Dong et al., 2010) and interferon gamma (IFNy) (Chen et
al., 2012; Zhang et al., 2014).

Some researchers have studied the use of stem cells in the treatment of degenerative eye
diseases (Beyazyildiz et al., 2014, Lee et al., 2015; Villatoro et al., 2015). Stem cells (hematopoietic
and mesenchymal) can be extracted from adipose tissue (Villatoro et al.,, 2015) and from bone
marrow (Caplan, 2007; Beyazyildiz et al., 2014; Lee et al., 2015), and they are used for the treatment
of immune-mediated diseases because of their ability to restore tissues destroyed by the action of
autoantibodies. Another important therapeutic action of stem cells is immunomodulation through
the release of bioactive molecules. These molecules have immunosuppressive action, especially for

CD4 T helper lymphocytes and B lymphocytes. This immunosuppressive effect decreases the release
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of ILs, such as the IL-6 present in KCS, and stimulates angiogenesis and cellular mitosis in addition to
inhibiting apoptosis and the release of proinflammatory mediators (Caplan, 2007; Lee et al., 2015;

Villatoro et al., 2015).

Treatment for immune-mediated KCS is palliative and continuous and consists mainly of the
use of topical immunosuppressants, such as cyclosporine, pimecrolimus, tacrolimus and, recently,
lifitegrast, in addition to topical ocular lubricants (lzci et al., 2002; Tang-Liu and Acheampong, 2005;
Berdoulay et al., 2005; Nell et al., 2005; Messmer, 2015; Pflugfelder et al., 2017). Research on the use
of mesenchymal stem cells (MSC) in the treatment of KCS includes studies on topical use in rats
(Beyazyildiz et al., 2014) and injectable use in the lacrimal glands of mice (Lee et al., 2015) and dogs

(Villatoro et al., 2015; Bittencourt et al., 2016; Giménez et al., 2017).

To date, there have been no studies on topical MSC administration, which is a simpler method
of administration than injection, in the treatment of KCS in dogs nor even on the immunological
markers present before and after treatment. The aim of this study was to compare the expression of
CD4 lymphocytes, IL-6, IL-1 and TNFa before and after topical treatment with MSC in dogs with

naturally occurring immune-mediated KCS.

2. Materials and methods

2.1 Animals

This experiment was carried out at the Veterinary Hospital of Universidade do Oeste Paulista
(UNOESTE), Presidente Prudente, SP. The study was conducted according to the animal
experimentation standards of the Committee on Ethics in Animal Use (CEUA; Protocol: 2954) of
UNOESTE and the ARVO (Association for Research in Vision and Ophthalmology) Statement for the

Use of Animals in Ophthalmic and Visual Research.

Twenty-two dogs with bilateral positive diagnosis for KCS from the ophthalmology service at
the Veterinary Hospital of UNOESTE were used, with no breed, age or sexual preference. To be
included in the research, the animals had to present a Schirmer tear test-1 (STT-1) values of 5-10
mm/min or a tear film break-up time (TBUT) < 15 seconds in addition to presenting KCS ocular signs
such as opacity, ocular secretion, conjunctivitis, pigmentation, neovascularization, and corneal ulcers.
Animals with STT-1 values €4 mm/min were excluded from the study (due to the severity of KCS with

the possibility of a low presence of viable cells in the conjunctiva, lacrimal gland and third eyelid that
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could respond to MSC treatment), as were animals that presented with neoplasia (due to the risk of
an increase in neoplastic cells) and those that had been treated with corticosteroids and/or

immunosuppressants for 1 month or more (due to possible interference with the viability of MSC).

2.2. Mesenchymal stem cells

Heterologous MSCs derived from canine adipose tissue were supplied by the biotechnology
laboratory Regenera in Campinas, SP, Brazil. The MSCs were tested to confirm their ability to
differentiate into osteoblasts, adipocytes, and chondrocytes under induction conditions in
appropriate media. The expression of the typical MSC markers CD44, CD73, CD90, CD105, vimentin,
nestin, and OCT3/4 and the absence of CD14 and the hematopoietic markers CD34 and CD45 were
evaluated using immunofluorescence assays. The cells were also screened for the absence of
pathogens and contaminants (e.g., bacteria, fungi, viruses, mycoplasma and endotoxins). The MSCs
were supplied in single-dose cryotube vials along with defrosting solution, wash solutions 1 and 2

and the 3 Pasteur pipettes required to prepare the MSCs.

The KCS-positive dogs were treated topically in both eyes with 50 pl of MSCs (1x10°) in the
conjunctival sac (with a milliliter pipet) in 4 applications every 7 days and with propylene glycol-
based lubricating eye drops (1 drop per eye) 3 times a day for 30 days. The lubricating eye drops
were used only to promote ocular comfort during the MSC therapy, since the use of lubricant alone is
not considered a specific treatment for KCS but only a coadjuvant. The KCS-positive dogs were
followed for a period of 180 days (6 months). Animals for which treatment was unsuccessful during

the first 30 days were directed to conventional treatment for KCS.

2.3. Experimental design and ophthalmic exams

Dogs with KCS were evaluated for 180 days; the day of diagnosis was considered day zero (DO).
Clinical signs (conjunctival secretion, conjunctivitis, opacity, pigmentation and neovascularization of
the cornea) were evaluated with a slit lamp on D7, D14, D21, D30, D60, D90, D120, D150 and D180.
Ophthalmic tests were performed, including an STT-1 to evaluate tear quantity (DO, D30, D90 and
D180) and a TBUT test to evaluate tear quality (DO, D60, D120 and D180). On DO and D180, a
fluorescein test (FT) was performed to evaluate the presence of corneal ulcers, a lissamine green test
(LGT) was performed to evaluate the presence of devitalized corneal and conjunctival cells,

conjunctival biopsy (CB) was performed to obtain material for immunohistochemistry (IHC), and fine
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needle aspiration (FNA) of the third eyelid gland was performed to obtain material for

immunocytochemistry (ICC).

2.4. Histopathological analysis

Conjunctival histopathology was performed after instillation of anesthetic eye drops (1% tetracaine
hydrochloride + 0.1% phenylephrine hydrochloride, Allergan, Sdo Paulo, Brazil) and removal of 1-3
mm sections from the fornix of the medial inferior conjunctiva with the aid of forceps and
conjunctival scissors. The histological sections were placed on standardized 1x1 cm pieces of paper,
fixed in formaldehyde and embedded in paraffin (Dynamics Analytical Reagents, Sdo Paulo, Brazil).
With the help of a rotating microtome, 5 um thick sections of the conjunctiva were obtained, which
were then stained with hematoxylin and eosin (HE) (Dolles, Sdo Paulo, Brazil) for quantification of
polymorphonuclear cells (cells/0.5 mm?) and periodic acid-Schiff (PAS) for analysis of goblet cell

density (cells/0.5 mm?) under an optical microscope with a 40x objective.

2.5. Immunohistochemistry and immunocytochemistry

Biological materials from CB and FNA were processed and labeled with IHC and ICC techniques,
respectively, using an anti-CD4 antibody (GeneTex, Irvine, CA, USA, GTX84720, 1:25 dilution), an anti-
IL-1 antibody (GeneTex, Irvine, CA, USA, GTX22105, 1:100 dilution) in the presence of an anti-IL-6
antibody (Biorbyt, Cambridge, United Kingdom, ORB101390, 1:100 dilution), and an anti-TNFa
antibody (LSBio, Seattle, WA, USA, LS-C391068/109263, 2 ug/ml). Antigen retrieval was performed
with Trilogy 920P-07 (Cell Marque, Rocklin, CA, USA), endogenous peroxidase was blocked with 10
volumes of hydrogen peroxide, and nonspecific binding was blocked with an ImmPRESS HRP MP-
7500 reagent kit (Vector Laboratories, Burlingame, CA, USA). The antibodies were diluted with a
universal antibody diluent from EasyPath (EP-12205512). The secondary antibody used was the
Vector Laboratories ImmPRESS Universal Reagent Anti-Mouse/Rabbit Ig (MP-7500). The developer
used was ImmPACT DAB (Vector, Burlingame, CA, USA, SK-4105). The total areas of the cells marked
by the antibodies were observed and quantified. Five photos of each slide stained with the IHC and
ICC techniques were obtained with a camera coupled to a microscope. The brown-toned labeled area
of each slide and the labeled area for each antibody (CD4, IL-6, IL-1, and TNFa) were analyzed using
the Imagel program (https://imagej.nih.gov/ij/) using the "Color Threshold/Measure" analysis in 5

fields, and the arithmetic means of the obtained areas were calculated.
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2.6. Statistical analysis

The obtained STT-1 test and TBUT test values; the density of polymorphonuclear,
mononuclear, and goblet cells; and the values from CD4, IL-6, IL-1, TNFa antibody staining were
analyzed by paired t-test. Binomial variables (clinical signs) were compared with the McNemar chi-
square test. P<0.05 was adopted as the level of significance. The software used for analysis was

BioStat 5.3.

3. Results

There was a significant improvement (p<0.05) in ocular clinical signs in 44 eyes after MSC
treatment. From before treatment (DO) to after MSC treatment (D180), the occurrence of
conjunctival secretion decreased from 84.1% to 40.9%, that of conjunctivitis decreased from 70.5%
to 36.4%, that of corneal opacity decreased from 55.5% to 16.0%, that of corneal neovascularization
decreased from 38.6% to 20.4%, and that of corneal pigmentation decreased from 52.3% to 36.3%.
On DO, 8 eyes were positive in the FT, indicating the presence of corneal ulcers, but at the end of the
study, on D180, all were negative. In the LGT, on DO, 32 eyes were positive, demonstrating some
degree of involvement of the corneal and conjunctival surface cells, but at the end of the study on

D180, all eyes were negative.

There was a significant (p<0.05) increase in tear quantity (SST-1) (Figure 1A) and tear quality
(TBUT) (Figure 1B) until the end of the study. There was also a significant (p<0.05) reduction in
polymorphonuclear inflammatory cells (Figure 1C) and a significant increase (p<0.05) in goblet cells

(Figure 1D) until the end of the study.
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Figure 1. Mean and SD of the STT-1 values (mm/min) (A), TBUT values (sec) (B), polymorphonuclear
cell density (cells/0.5 mm?) (C), and goblet cell density (cells/0.5 mm?) (D).

*p <0.05 (paired t-test).

There was a significant (p<0.05) reduction in immunostaining from DO to D180 for all
inflammatory markers (CD4, IL-6, IL-1 and TNFa) in both the IHC (Figure 2) and ICC (Figure 3)

analyses.



37

mD0
=D180

Figure 2. Microscopy images of conjunctival biopsies immunostained for CD4, IL-1, IL-6 and TNFa
with the immunohistochemistry (IHC) technique at 400x magnification. The images in the left column
are from DO (A, C, E, G), and the images in the right column are from D180 (B, D, F, H). A and B: Anti-
CD4 antibody staining with arrows showing strong diffuse cytoplasmic labeling in the epithelial and
stromal cells in A and moderate labeling in B. C and D: Anti-IL-6 antibody staining with arrows
showing strong cytoplasmic labeling in C and scarce labeling in D. E and F: Anti-IL-1 antibody staining
with arrows showing strong cytoplasmic labeling in E and scarce labeling in H. G and H: Anti-TNFa
antibody staining with arrows showing strong cytoplasmic labeling in G and scarce labeling in H. I
Mean and SD of the marked areas (um?) of the inflammatory markers CD4, IL-6, IL-1 and TNFa at DO
(beginning) and D180 (180 days after treatment with topical MSC).

*p <0.05 (paired t-test).
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Figure 3. Microscopy images of the fine needle aspirate of the third eyelid gland immunostained with
the immunocytochemistry (ICC) technique at 400x magnification. The images in the left column are
from DO (A, C, E, G), and the images in the right column are from D180 (B, D, F, H). A and B: Anti-CD4
antibody staining with arrows showing strong diffuse cytoplasmic labeling in A and moderate labeling
in B. C and D: Anti-IL-6 antibody staining with arrows demonstrating strong cytoplasmic labeling in C
and scarce labeling in D. E and F: Anti-IL-1 antibody staining with arrows showing strong cytoplasmic
labeling in E and scarce labeling in F. G and H: Anti-TNFa antibody staining with arrows showing
strong cytoplasmic labeling in G and scarce labeling in H. I: Mean and SD of the marked areas (um?)
of the inflammatory markers CD4, IL-6, IL-1 and TNFa at DO (beginning) and D180 (180 days after

treatment with topical MSC).

*p<0.05 (paired t-test).

The IHC images in Figure 2 show predominantly diffuse marker expression mainly located in

the cytoplasm of epithelial cells and some stromal cells, except for TNFa expression, which was
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located only in epithelial cells (Figure 2G and H). ICC analysis also showed cytoplasmic staining for all

the cytokines evaluated.

4, Discussion

The use of topical MSC significantly improved the clinical signs and tear quantity and quality;
reduced the density of polymorphonuclear inflammatory cells in the palpebral conjunctiva; reduced
the expression of the immunological markers CD4, IL-1, IL-6 and TNFa in the palpebral conjunctiva
and third eyelid gland; and increased the goblet cell density, which resulted in reduced inflammatory
process and subsequent tissue aggression to the ocular surface and lacrimal glands. The increased
tear production or quantity can be explained by the decrease in CD4 T cells, ILs and TNFa observed in
this study, since the increased presence of these mediators is closely related to decreases in tear
production in patients with KCS (Reksten et al., 2009; Coursey et al., 2013). Another relevant factor is
the significant increase in the density of conjunctival goblet cells, which are responsible for the

production of mucin that improves tear quality (Davidson and Kuonen, 2004).

KCS is a significant degenerative ocular disease, and clinical studies have demonstrated
elevated levels of CD4 T cells (Elan et al., 2009; Stern et al., 2002) and cytokines on the ocular surface
of patients with KCS (Cannon, 2000) and in the conjunctival epithelium (Massingale et al., 2009;
Pflugfelder et al., 1999); these findings coincide with our results, wherein both biological materials
evaluated (conjunctival tissue and third eyelid gland cells) presented a considerable initial presence

of CD4- and cytokine-positive cells that was significantly decreased after treatment with topical MSC.

The inflammatory process is one of the most important immune-mediated responses in the
aggravation of KCS symptoms (Stern et al., 2013; Stern et al., 2002; Barabino et al., 2012). Cytokines
are signaling molecules that mediate intercellular communication. Proinflammatory cytokine
production is regulated by osmotic damage to the ocular surface. Cytokines such as IL-6, IL-1, IL-10,
TNFa, and IFNy can be produced both by lymphocytic cells infiltrating the ocular surface and by the
ocular surface cells themselves (Reksten et al., 2009; Vijmasi et al. 2013). Clinical studies have
reported elevated levels of these cytokines in KCS (Cannon, 2000) and in the conjunctival epithelium
(Massingale et al., 2009; Pflugfelder et al., 1999), and IL-2 and TNFa have been found to promote
conjunctival squamous metaplasia and the induction of apoptosis in conjunctival cells (Zhang, et al.,
2011; De Paiva, et al., 2007). There is also evidence that TNFa and IL-1 produce metalloproteinases

(MMp-3 and MMp-9) that increase early rupture of the tear film (De Paiva et al., 2009).
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Increased IFNy leads to increased CXCL9, which is one of the cytokines increased in the ocular
surface tear film in patients with KCS; its increase is related to CD4 T cell infiltration of the ocular
surface (El Annan et al., 2010). CD4 T cells associated with IFNy and IL-17 secrete TH17 cells, which
are suggested to be primary effector T cells in degenerative ocular diseases such as KCS (El Annan et
al., 2009). Although part of the mechanism of TH1 and TH17 cells remains unclear, recent findings
suggest that TH17 cells play a prominent role in the pathogenesis of KCS (De Paiva et al., 2009;
Chauhan et al., 2009). It is believed that TH1 and TH17 cells are involved in the migration of lymph
node CD4 cells from the lymph nodes to the ocular surface (Groom and Luster, 2011), which explains
the strong CD4 immunostaining in the IHC and ICC analyses prior to the initiation of topical MSC

treatment.

In KCS, the inflammatory mechanism of the proinflammatory cytokines IL-1, IL-6, TNFa and
CD4, which can be produced both by lymphocytes infiltrating the ocular surface and by the ocular
surface cells themselves, is one of the main targets in the treatment of KCS. MSC treatment reduces
the levels of proinflammatory mediators associated with immunomodulatory action by promoting
the release of bioactive molecules that suppress CD4, IL-1, IL-6 and TNFa (Reksten et al., Lee et al.
2015, Villatoro et al., 2015), explaining the lower immunoreactivity observed in IHC and ICC at the

end of this study.

5. Conclusion

The use of topical MSC in the conjunctival sac has been shown to be a promising adjuvant
therapy for the treatment of KCS in dogs, as demonstrated by improvements in clinical signs and tear
guantity and quality, an increase in goblet cells, and significant reductions in polymorphonuclear
inflammatory cells and the immunological markers CD4, IL-6, IL-1 and TNFa. Future studies may show
a relationship between the stage of KCS and the levels of CD4, IL-6, IL-1 and TNFa, enabling more
accurate assessment of the complexity, phase and severity of the disease and contributing to the

understanding of KCS in dogs and human:s.
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This should include the findings of the study including, if appropriate, results of
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o include the name of the ethics committee that approved the study and the
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o The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

o All data generated or analysed during this study are included in this published
article [and its supplementary information files].

o The datasets generated and/or analysed during the current study are not
publicly available due [REASON WHY DATA ARE NOT PUBLIC] but are available
from the corresponding author on reasonable request.
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o The data that support the findings of this study are available from [third party
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applicable' in this section.

More examples of template data availability statements, which include examples of
openly available and restricted access datasets, are available here.
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minimum information recommended by DataCite and follow journal style. Dataset
identifiers including DOIs should be expressed as full URLs. For example:
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See our editorial policies for a full explanation of competing interests. If you are
unsure whether you or any of your co-authors have a competing interest please
contact the editorial office.

Please use the authors initials to refer to each author's competing interests in this
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If you do not have any competing interests, please state "The authors declare that
they have no competing interests" in this section.

Funding
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Authors' contributions

The individual contributions of authors to the manuscript should be specified in this
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through their individual PubMed records, please ensure that the title of the
collaboration Group is included on the title page and in the submission system and
also include collaborating author names as the last paragraph of the
“Acknowledgements” section. Please add authors in the format First Name, Middle
initial(s) (optional), Last Name. You can add institution or country information for
each author if you wish, but this should be consistent across all authors.

Please note that individual names may not be present in the PubMed record at the
time a published article is initially included in PubMed as it takes PubMed additional
time to code this information.

Authors' information

This section is optional.

You may choose to use this section to include any relevant information about the
author(s) that may aid the reader's interpretation of the article, and understand the
standpoint of the author(s). This may include details about the authors' qualifications,
current positions they hold at institutions or societies, or any other relevant
background information. Please refer to authors using their initials. Note this section
should not be used to describe any competing interests.

Endnotes

Endnotes should be designated within the text using a superscript lowercase letter
and all notes (along with their corresponding letter) should be included in the
Endnotes section. Please format this section in a paragraph rather than a list.

References

All references, including URLs, must be numbered consecutively, in square brackets,
in the order in which they are cited in the text, followed by any in tables or legends.
The reference numbers must be finalized and the reference list fully formatted before
submission.

Examples of the BioMed Central reference style are shown below. Please ensure that
the reference style is followed precisely.

See our editorial policies for author guidance on good citation practice.

Web links and URLs: All web links and URLs, including links to the authors' own
websites, should be given a reference number and included in the reference list
rather than within the text of the manuscript. They should be provided in full,
including both the title of the site and the URL, as well as the date the site was
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of yourarticle.

To find out more, please visit the Preparation section below.

INTRODUCTION

Stem Cell Research is dedicated to publishing high-quality manuscripts focusing on the biology and
applications of stem cell research. Submissions to Stem Cell Research, may cover all aspects of stem
cells, including embryonic stem cells, tissue-specific stem cells, cancer stem cells, developmental
studies, stem cell genomes, and translational research.

Presubmission inquiries are encouraged. Acceptance of manuscripts will be based on scientific
excellence and priority, as judged by editors and reviewers, on relevance to the central themes of the
journal, and on the interest of the results to a broad readership of stem cell biology. A manuscript of
high intrinsic quality may be returned if it seems better suited to a more specialized journal.
Manuscripts that present preliminary observations or an incremental increase in understanding are
not encouraged.

Research papersShort communicationsReview articlesTechnical notes (Methods and Reagents)Lab
resources

Research papers.Research papers should not exceed 55,000 characters (including spaces,
references, methods, figure legends, and an abstract of 200 words or less). We accept a maximum
of 7 figures/tables for research papers.

Short communications.Articles intended for the short communication section of Stem Cell Research
should not exceed 32,000 characters (including spaces, references, methods, figures, and an abstract
of 200 words or less). Short communications may contain a maximum of 4 figures/tables.

Review articles.Stem Cell Research also publishes review articles, which as for research articles
should be limited to 55,000 characters.Stem Cell Research does not accept unsolicited review articles
unless they are pre-approved by the Editor-in-Chief. All review articles will be subject to review before
publication.

Technical notes (Methods and Reagents). The journal publishes articles describing novel
Technical notes (methods and/or reagents). These may take the form of research papers or short
communications.

Lab resources. Peer reviewed manuscript which details the establishment of new pluripotent stem
cell lines derived from embryos, generated by SCNT and reprogramming or the establishment of
genetically modified stem cell sub-lines. See scientific guidelines for mandatory requirements.
Manuscripts should be formatted according to the provided article template for single and multiple
lines.

Manuscripts for Stem Cell Research should be submitted via the journal's online submission and
editorial system, http://ees.elsevier.com/scr.

For questions on the submission and reviewing process, please contact the Editorial Office at
scr@elsevier.com.

Customer support is available 24/7

Please use our help site at: http://service.elsevier.com/. Here you will be able to learn more about
the online submission system via interactive tutorials, explore a range of problem solutions via our
knowledgebase, and find answers to frequently asked questions. You will also find our 24/7 support
contact details should you need any assistance from one of our customer service representatives.
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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 E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript:
¢ Include keywords
¢ All figures (include relevant captions)
¢ All tables (including titles, description, footnotes)
e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures inprint
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations
e Manuscript has been 'spell checked' and 'grammar checked'
¢ All references mentioned in the Reference List are cited in the text, and viceversa
e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
e 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
e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors must disclose any interests in two places: 1. A
summary declaration of interest statement in the title page file (if double-blind) or the manuscript file
(if single-blind). If there are no interests to declare then please state this: 'Declarations of interest:
none'. This summary statement will be ultimately published if the article is accepted. 2. Detailed
disclosures as part of a separate Declaration of Interest form, which forms part of the journal's official
records. It is important for potential interests to be declared in both places and that the information
matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic preprint,
see 'Multiple, redundant or concurrent publication' section of our ethics policy 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.
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Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason for
the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

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 an 'Exclusive License Agreement' (see
more information on this). Permitted third party reuse of open access articles is determined by the
author's choice of user license.

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 involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a humber 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 Open
Access Publication Fee. Details of existing agreements are available online.

This is an open access journal: all articles will be immediately and permanently free for everyone to
read and download. To provide open access, this journal has an open access fee (also known as an
article publishing charge APC) which needs to be paid by the authors or on their behalf e.g. by their
research funder or institution. Permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, and
do not modify the article in such a way as to damage the author's honor orreputation.

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.
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The open access publication fee for this journal is USD 2000, excluding taxes. The open access
publication fee for the article type "Lab Resource: Stem Cell Line" is USD 500 and for the article type
"Lab Resource: Multiple Cell Lines" USD 1000. 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 green 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 appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Authors are encouraged to suggest four competent reviewers in their field (please include telephone
number, fax number, and/or e-mail address) and may also suggest individuals whom they wish to
have excluded from the review process.

Key resources table

We encourage authors to submit a key resources table during submission. The Key Resources Table
serves to highlight materials and resources (including genetically modified organisms and strains, cell
lines, reagents, software, experimental models, and original source data for computational studies)
essential to reproduce results presented in the manuscript. Literature listed in the Key Resources Table
must be included in the References list. We highly recommend using RRIDs (see https://scicrunch.org/
resources) as the identifier for antibodies and model organisms in the Key Resources Table. Please
do not add custom headings or subheadings to the Key Resources Table. Please download and fill out
this template. The Key Resources Table should be referenced at the end of the Materials & Methods
section and uploaded as a separate file in the submission process.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.
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This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). 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.

Please ensure that your submission is in the correct order, as described below.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be humbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
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e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstractitself.

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 their images
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article 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.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

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 humbers xxxx, yyyy];
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.
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Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your original artwork.
¢ Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
 Number the illustrations according to their sequence in the text.
¢ Use a logical naming convention for your artwork files.
¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.
e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF
(or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

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.
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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.

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 and Zotero, as well as EndNote. Using the word processor 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.

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/stem-cell-research

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

Please use Stem Cell Research reference style in the reference manager software of choice while
preparing your manuscript. In text citations should appear as First Author-Year and bibliography
references as Author(s)-Year-Title-Journal-Volume/Book chapter-Pagination. Use of DOI is highly
encouraged. The reference style used by the journal will be also 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.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese
oak  wilt disease and surrounding forest  compositions. Mendeley Data, vl.
http://dx.doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

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.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

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.
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Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

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.

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. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. 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 in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.
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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.
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