& frontiers

@ Check for updates

OPEN ACCESS

Louis Charles Penning,
Utrecht University, Netherlands

Gerlinde R. Van De Walle,
Cornell University, United States
Getu Abraham,

Leipzig University, Germany

Jayesh Dudhia
jdudhia@RVC.AC.UK

31 January 2023
16 May 2023
06 June 2023

Melzer M, Burk J, Guest DJ and Dudhia J (2023)
Influence of Rho/ROCK inhibitor Y-27632 on
proliferation of equine mesenchymal stromal
cells.

Front. Vet. Sci. 10:1154987.

doi: 10.3389/fvets.2023.1154987

© 2023 Melzer, Burk, Guest and Dudhia. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Veterinary Science

Frontiers in Veterinary Science

Brief Research Report
06 June 2023
10.3389/fvets.2023.1154987

Influence of Rho/ROCK inhibitor
Y-27632 on proliferation of equine
mesenchymal stromal cells

Michaela Melzer?, Janina Burk?, Deborah J. Guest? and
Jayesh Dudhia?*

*Equine Clinic (Surgery, Orthopedics), Faculty of Veterinary Medicine, Justus Liebig University, Giessen,
Germany, 2Department of Clinical Sciences and Services, Royal Veterinary College, Hertfordshire,
United Kingdom

Mesenchymal stromal cells (MSC) isolated form bone marrow and adipose tissue are
the most common cells used for cell therapy of orthopedic diseases. MSC derived
from different tissues show differences in terms of their proliferation, differentiation
potential and viability in prolonged cell culture. This suggests that there may
be subtle differences in intracellular signaling pathways that modulate these cellular
characteristics. The Rho/ROCK signaling pathway is essential for many cellular
functions. Targeting of this pathway by the ROCK inhibitor Y-27632 has been shown
to be beneficial for cell viability and proliferation of different cell types. The aim of this
study was toinvestigate the effects of Rho/ROCK inhibition on equine MSC proliferation
using bone marrow-derived MSC (BMSC) and adipose-derived MSC (ASC). Primary
ASC and BMSC were stimulated with or without 10ng/mL TGF-$3 or 10uM Y-27632,
as well as both in combination. Etoposide at 10pM was used as a positive control for
inhibition of cell proliferation. After 48h of stimulation, cell morphology, proliferation
activity and gene expression of cell senescence markers p53 and p21 were assessed.
ASC showed a trend for higher basal proliferation than BMSC, which was sustained
following stimulation with TGF-p3. This included a higher proliferation with TGF-p3
stimulation compared to Y-27632 stimulation (p<0.01), but not significantly different
to the no treatment control when used in combination. Expression of p21 and p53
was not altered by stimulation with TGF-$3 and/or Y-27632 in either cell type. In
summary, the Rho/ROCK inhibitor Y-27632 had no effect on proliferation activity and
did not induce cell senescence in equine ASC and BMSC.

Y-27632, mesenchymal stem cell, equine, senescence, Rho/ROCK

Introduction

Mesenchymal stromal cells (MSC) are a promising therapeutic tool for the treatment of
orthopedic diseases (1). MSC can be derived in relatively high numbers from various tissues, such
as blood, fat, bone marrow or umbilical cord blood (2-6). The most commonly investigated and used
are bone marrow-derived MSC (BMSC). However, since the collection and cultivation of BMSC is
associated with some limitations, such as painful aspiration technique of bone marrow, low cell yield,
and early cell aging (7), adipose-derived MSC (ASC) have appeared to be a good alternative. While
ASC and BMSC are comparable in terms of their morphology and cell surface markers, they show
several differences regarding their differentiation and proliferation ability (8—10). This suggests that
there may exist subtle differences in intracellular pathways that modulate these cellular characteristics.

The Rho/Rho-associated protein kinase (Rho/ROCK) signaling pathway plays a critical role in
the regulation of many cellular functions. One of the major targets of the Rho/ROCK signaling
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pathway is the regulation of phosphorylation of myosin-light-chain
phosphatase and a number of other phosphokinases and cytoskeleton-
binding proteins (11). Through this, Rho/ROCK controls cytoskeletal
contraction which is essential for many basic cellular processes,
including apoptosis, migration, proliferation, and differentiation (11).
Thus, the Rho/ROCK pathway is often targeted to influence cell
proliferation and differentiation. For this purpose, there are several small
molecule inhibitors of ROCK which affect cells differently depending on
the cell type and combinations of growth factors. For example, the
competitive ROCK inhibitor Y-27632 can inhibit differentiation
triggered by extracellular matrix and mechanical stimuli (12-14) but can
promote differentiation triggered by paracrine factors (15-17).

Inhibition of ROCK however has variable effects on other cellular
functions. While complete silencing of ROCK protein via gene knockout
or potent Rho/ROCK inhibitors promotes cellular senescence and limits
proliferation (18), Y-27632 appears to be beneficial for cell viability and
proliferation. It can promote long-term proliferation of human
embryonic stem cell (ESC)-derived endothelial cells and primary
keratinocytes and reduces cell senescence (19-21). Similarly, human
ESC show improved viability, cell growth and regeneration ability after
cryopreservation when supplemented with Y-27632 (22, 23).

Thus, the modulation of the Rho/ROCK signaling pathway with
Y-27632 has proven to be a simple, efficient and versatile approach in
embryonic stem cell applications for regenerative medicine research.
Should these desirable properties of the Y-27632 inhibitor be applicable
to MSC, with the potential positive influence on differentiation and
proliferation, the inhibitor would represent a promising candidate for
preconditioning of MSC during cell expansion. However, there are no
studies to date on the effect of Y-27632 on equine MSC proliferation.
Therefore, the aim of the study was to investigate the effects of Rho/
ROCK inhibition on the proliferation of equine MSC, taking different
tissues of origin into account by comparing ASC with BMSC.

Methods
Cell culture and treatment

Cell culture ingredients were purchased from ThermoFisher
Scientific (Warrington, United Kingdom) unless stated otherwise.
Adipose-derived MSC and bone marrow-derived MSC were collected
from eight different donors (ASC n=4, BMSC n=4). The use of
equine MSC was approved by the Royal Veterinary College Clinical
Research Ethical Review Board (URN 2022 2127-2 and URN 2021
2035-2). The donors were warmbloods, warmblood crosses (BMSC,
age 6-15years) or welsh cob ponies (ASC, age 2-5years).

MSC from bone marrow aspirates were prepared as previously
described using a standardized protocol in our laboratory for use in the

TABLE 1 Equine primers.
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equine clinic (24). Briefly, 10mL of bone marrow aspirate was diluted
with an equal volume of Dulbecco’s PBS and layered over 15mL of
Lymphoprep (Stem Cell Technologies, Cambridge, United Kingdom)
and centrifuged at 1,200 RCF for 10 min. The bufty layer containing the
mononuclear cell fraction was removed and the cells seeded in tissue
culture flasks (T-75, Falcon) in cell culture media (DMEM, 1g/L glucose;
Gibco®, 0.11 mg/mL sodium pyruvate) supplemented with 10% FCS
(Gibco®) and 1% Penicillin-Streptomycin (Gibco®). Plastic adherent
MSC were expanded and passaged to passage number 2 or 3 with an
estimated population doubling level of 11-12. Cells were resuspended in
cell freezing medium (Cellbanker 2, AMS Biotech, United Kingdom)
and stored frozen in liquid nitrogen until used for experiments. Further
characterization of the BMSC was not performed because we have
previously characterized MSC prepared by this standardized protocol for
surface markers and trilineage differentiation (24) and a position
statement by Guest et al. recommends that it is not necessary to
characterize every batch that utilizes a standard protocol (25).

For the isolation of ASC, 15g adipose tissue of the dorsal gluteal
muscle were collected in same medium as BMSC. The tissue was
washed, diced and incubated with 1 mg/mL collagenase I for 1h at
37°C. After digestion, cells were recovered by centrifugation at 350
RCF for 10 min and then washed two times following resuspension in
cell culture media. Cells were seeded into a 10 cm dish in cell culture
media at 1,000-5,000 cells cm?. Plastic adherent MSC were expanded,
passaged and stored frozen in liquid nitrogen until used for
experiments. ASCs were characterized for trilineage differentiation
and expression of CD90, CD29, CD44, CD14 (neg) and CD79a (neg)
using assays previously described (26).

For experiments, aliquots of cells were rapidly thawed and
cultured in cell culture medium at a seeding density of 5,000 cells/cm’.
Cells were allowed to attach and recover for 24 h before stimulating
with 10 ng/mL TGF-p3 (R&D Systems®, Abingdon, United Kingdom),
10 pM Y-27632 (Tocris, Bioscience, Bistrol, United Kingdom), both in
combination or with 10 pM etoposide (ab120227, Abcam, Cambridge,
United Kingdom) which was used as positive control to induce
senescence (27). Concentrations of TGF-f3 and Y-27632 were chosen
based on previous studies [(17, 28), respectively]. For the combined
treatment, cells were preincubated with Y-27632 for 2 h before adding
TGF-P3. Assessments were performed 48 h after stimulation.

Proliferation assay

Cell proliferation was assayed by EdU labeling with the Click-iT®
Plus EdU Imaging Kit (ThermoFisher Scientific, Warrington,
United Kingdom) according to manufacturer’s instructions. Briefly, cells
were incubated with 10uM EdU for 2h, fixed with 3.7% formaldehyde for
15min and stained with the Click-iT® reaction cocktail. Cells were then
stained with anti-Ki-67 antibody (ab281847, Abcam, Cambridge,

Gene Primer sequence Gene Product length (bp)
p21 FOR: ACATACTCTGCTTGCCACCC XM_023624844.1 332
REV: GGCCCCCTTCAAAGTGCTAT
p53 FOR: ACTCCAGCCACCTGAAGTCT XM_023651624.1 110
REV: GGGGACAGGAAGCAGAGAAT
GAPDH FOR: CATCAAATGGGGCGATGCTG NM_001163856.1 285
REV: TGCACTGTGGTCATGAGTCC
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United Kingdom) for 2h. Cell were counterstained with DAPI and then
imaged with fluorescence microscopy (EVOS® FL Imaging System,
ThermoFisher Scientific, Warrington, United Kingdom). Images were
quantified for cell numbers with ImageJ (Version 1.53 Fiji). A minimum
of 500 cells per stimulation group were counted for positive staining of
each label. A ratio of EdU or Ki-67 positive cells to total cells (DAPI
positive) was calculated.
Gene expression analysis

Gene expression of the senescence markers p21 and p53 (29) were
analyzed by real-time PCR. GAPDH was used as a reference gene.
Total RNA of equine cells was isolated using the RNeasy Mini Kit
(Qiagen, United Kingdom) with additional DNase digestion (Qiagen)
according to manufacturer’s instructions. RNA was then converted to
cDNA using the Reverse Transcriptase RevertAidH Minus kit
(ThermoFisher Scientific). 50ng cDNA was mixed with primers
( ) and QuantiNova™ SYBR® Green PCR kit to perform real-
time PCR using the CFX96™ Real Time System (Bio-Rad, Hercules,
United States). For relative quantification, gene expression ratios and

10.3389/fvets.2023.1154987

fold changes were calculated with the Pfaffl method (30) and

normalized to day control.
Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
28 software (IBM Deutschland GmbH, Ehningen, Germany). As
data were not normally distributed, non-parametric Friedman
tests with Bonferroni-adjusted post-hoc tests were used.
Differences were considered significant at p <0.05. Graphs were
designed with GraphPad Prism 9.4.1 (GraphPad Software, San
Diego, United States).

ASC were capable of differentiation into adipocytes, osteoblasts
and chondrocytes. ASC were positive for CD90, CD29, and CD44 and
negative for CD14 and CD79x ( ). ASC and BMSC showed a
spindle-shaped, fibroblast-like morphology in cell culture medium,

FITC DAPI

CD79a CD14 CD44 CD29 cboo >

Negative

FIGURE 1

Merge
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Characterization of ASCs. Representative images of three biological replicates show marker expression (A) and trilineage differentiation (B). ASCs
express CD90, CD29, and CD44 but not CD14 or CD79« (FITC, scale bar=50pum). ASCs undergo trilineage differentiation into cartilage (alcian blue
staining, scale bar=1mm), bone (alizarin red staining, scale bar=50pm) and fat (oil red O staining, scale bar=50pm)

Osteogenic
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with BMSC appearing more elongated than ASC as assessed by In the presence of TGF-p3 alone or with Y-27632, BMSC exhibited
microscopy (Figure 2). BMSC were slower in reaching confluency  a change in morphology which was more marked than in ASC. ROCK
than ASCs. inhibition with Y-27632 resulted in the loss of the elongated spindle shape

TGF-B3 + Y-27632 Y-27632 TGF-83 Control

Etoposide

FIGURE 2
Brightfield microscopy of ASC and BMSC. Cells were treated with 10ng/mL TGF-p3 or 10uM Y-27632, and in combination or with 10pM etoposide and analyzed
after 48h incubation. Representative images show cell morphology and confluency after stimulation. Arrows highlight single flattened cells with poor contrast.
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FIGURE 3

Y-27632

[ adipose-derived MSC bone marrow-derived MSC

Fluorescence images of EdU- and Ki-67-labeling. ASC and BMSC were treated with 10ng/mL TGF-p3 or 10pM Y-27632, and in combination, or with
10pM etoposide and analyzed after 48h incubation. Representative images of ASC show nuclei staining (DAPI) and EdU- and Ki-67-labeling (A). The
diagrams represent quantitative image analysis results of proliferation activity of ASC and BMSC treatment groups (B). Bars represent the median values,
error bars the 95% confidence intervals. The asterisks indicate significant differences between the corresponding groups when the data of ASC and
BMSC are combined (* corresponds to p<0.05; ** corresponds to p<0.01; *** corresponds to p<0.001; n=7). The hashtag and paragraph symbols mark
differences between the indicated groups for ASC and BMSC alone (#: ASC; n=3; §: BMSC; n=4).
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and into a broader rectangular cell shape in both cell types. In addition,
some cells had a flattened circular appearance with poor contrast in phase
contrast microscopy. These morphological changes were less marked
with TGF-f3. The addition of etoposide induced a rounded cell shape
and arrested cell proliferation, as indicated by reduced cell confluency.
Consistent with this, both EdU and Ki-67 labeling was almost
completely inhibited by etoposide stimulation in both BMSC and ASC
(EdU and Ki-67 label: p <0.05 compared to control, TGF-p3 +Y-27632,
and TGF-f33; data of BMSC and ASC combined; ). Although
there was a trend for an increase in proliferation with TGF-f3 compared
to controls, this was not significant for BMSC or for ASC. There was a

Frontiers in

small decrease in proliferation with Y-27632, but was not significant
compared to the control. There was a significant difference in
proliferation between TGF-p3 and Y-27632 (EdU label: p<0.01 for
TGF-p3 compared to Y-27632; data of BMSC and ASC combined).
When both compounds were used in combination, proliferation
recovered to control levels (no significant difference). Proliferation of
ASC and BMSC in the etoposide groups remained significantly lower
as compared to TGF-B3 stimulation (EdU/Ki-67 label for BMSC:
p<0.01, for ASC: p<0.05). Although there were no significant
differences between ASC and BMSC in controls or treatment groups,
ASC showed a tendency for higher proliferation activity than BMSC.
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FIGURE 4
Gene expression of p53 and p21. ASC and BMSC were treated with 10ng/mL TGF-p3, 10puM Y-27632, in combination or 10uM etoposide and analyzed
after 48h incubation. Bars represent the median values, error bars the 95% confidence intervals.

Gene expression of p2l and p53 were examined to assess
senescence induction (Figure 4). Stimulation with TGF-3, Y-27632,
or in combination did not significantly alter the expression of p21 in
ASC or BMSC. The addition of etoposide resulted in an upregulation
of p21 expression in ASCs but was variable between BMSC donor
horses with only one donor responding with an upregulation.
Similarly, no significant regulation by TGF-p3, Y-27632, or in
combination was detected for p53 gene expression.

Discussion

Adipose tissue and bone marrow represent important sources for
obtaining MSC for therapeutic purposes. Several studies show that
ASC and BMSC are comparable in many biological responses.
Nevertheless, differences between the two cell types have been
reported in several studies where comparisons have been made. In
this study, while cell morphology was found to be similar between
the two cell types, BMSC tended to show lower proliferation activity
than ASC. These results are consistent with other studies, where the
MSC showed the same cell morphology as ASC but the doubling time
of ASC was significantly higher than that of BMSC (9, 31, 32).
Y-27632 induced an enlarged, less spindle-shaped cell shape which
may be a result of cytoskeletal changes from inhibition of the Rho/
ROCK pathway (33, 3-
although this was not investigated in this study.

). The effect on morphology is reversible (35)

TGEF-p3 is a well-established tool for initiating and supporting MSC
differentiation. The Rho/ROCK inhibitor Y-27632 has been reported to
have beneficial effects, particularly on cell proliferation and senescence,
in the culture of embryonic stem cells and multipotent cells. Based on this,
combined stimulation with Y-27632 and TGF-p3 was used to investigate
potential synergistic effects as previously reported with respect to
differentiation (17, 36). In our study, no significant effects on proliferation
or senescence markers were found. This is in contrast to studies describing
an increase of proliferation in human urine-derived mesenchymal
stromal cells, periodontal ligament stem cells and other mesenchymal
progenitor cells (19, 20, 37, 38), or a decrease in human adipose-derived
MSC and CD34+ hematopoietic progenitor cells (28, 39) with Y-27632
stimulation. These varied responses suggest that Y-27632 likely targets
multiple cellular pathways depending on the tissue origin of the cells.
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Differences in senescence have also been reported for Y-27632-
stimulated cells. Studies on primary keratinocytes showed a
protective effect of Y-27632 that prevented cell senescence (16, 19),
whereas it drove senescence in primary fibroblasts (40). In the
current study, no significant regulation of senescence by Y-27632
was noted in either cell type with respect to p21 and p53 expression.
It is possible that the age of the cells, in terms of passage number and
population doubling level, and the different analyses used to
investigate senescence between studies could play a role in varied
cellular responses. The cells used in this study were at low
passage number where they are at a young cellular age and likely to
be more resilient to be driven towards a senescence phenotype and
thus the potential protective effect of Y-27632 may not be readily
apparent. It is possible that equine ASC and BMSC with
higher cellular age (passage number > 15) may be more responsive
to the effects of inhibiting the Rho/ROCK pathway. Further
analysis would be interesting at late passage to rule out the
senescence, as senescence is not be mediated solely by the p53/p21
signaling pathway.

A limitation of the study is the timepoint of investigations. This
study focused on the initial effect on proliferation activity and
senescence by Y-27632 and TGF-f3 stimulation at 48h. Further
experiments are necessary to investigate effects at longer time points.

Conclusion

The Rho/ROCK inhibitor Y-27632 has no significant effect on
proliferation and does not induce senescence in equine ASC and
BMSC. Consequently, the inhibitor does not appear to be suitable as
a proliferation-promoting supplement for cell cultivation.
Nevertheless, no adverse effects are expected for short-term use for

differentiation of equine MSC.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.
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